Perform'd 
5 GEOMETRICALLY, by Scale and Compaſſes : 
7 ARITHMETICALLY, by the Cenons of Sines and Tangonts : 
 INSTRUMENTALLY, by a Irgonal Inſtrument. 


oY. ET ED 
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E The Geometrical Part whereof is perform'd by Projedting of the Sphere in Plano, 
7 upon the Far it ſelf, whereby not only the Making, but the Reaſon alſo of Dials, 
” Js diſcoverd. | 


; A fecond Way of Geometrical Dialling, very Eaſy, Plain, and Univerſal, 
The Third Edition, 


To which is added, A 


SUPPLEMENT. 


SHEWING 


How by Scale and Compaſſes to inſcribe ſuch Circles of the Sphere into Sun-Dia! 
Plans, that ſhall ſhew (beſides the Hour of the Day) the Diurnal Motion of the Sun; his 
Place in the Zodiack ;3 the Time from his Riling and Serting ; Babilonian, Ttalian, 
and Jewiſh Hours; the.Point of the Compaſs upon which the Sun isat any Time 
of the Day, and the Proportions of Shadows to their Heighrs. 


ALSO 


A G:neral and Eaſy Way to projet Hour-Lines upon all kinds of Swperfices, 
without any Regard had to their Standing, 


AN D, 


How from a Glafs Horizontally plac'd 'in the Soy] of a Wind ow, to reflet 
Hours npon any -Superfices, 


he an ——— 


y WilLLiaM LEYBOURN, Philomath. 
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READER 


F0 FF H:k 


HIS Treatiſe of Dialling ( as in the f.rmer 
Edition ) conſiſted of Three Parts : the Ac- 
ceptance it hath found, encouraged me to add 

a Fourth Part ; namely, [ A Second Way of Geome- 

trical Dialling ] which is performed with great Faſe 
and Exatineſs, and may be ſerviceable to the ingenious 

Prafitioner, when the other Geometrical way (either 
by infinite excurſions or remotion of Centres _) may prove 

either very difficult, or at leaſt inconvenient ; I have 
exemplified it only in Horizontal, Direct North or 

South Recliners, and in Vertical or Upright Decli- 
ning Plains, as of all other the moſt General. The 
Order of the Four Parts, as they are now Printed, are 
& followeth, viz. 
_ The firſt Part #5 Geometrical, and performeth the 
whole Dofrine of Dialling by Scale and Compaſſes ; 
by Projefting of the Sphere in Plano upon the Dial 
Plain it ſelf, 1. e, By drawing upon the Plain ſuch Cir- 
cles of the Sphere in their true Poſition, as any way re- 
late to the delineating . of the Hour-lines #pou ſuch a 
Plain, let the Plain be in any poſition, and the Place in 

any ſuuation, in reſpe# of Latitude ; by which ag? 
Wh Ie wa TORT, | &5- '/ of 
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_ To the READER. Cos 
of delineation, the Hour-lines, the place of the Subſtile,' 
and Stile's height above the Plain, ſhall naturally fall 
in their due places upon the Plain, baving no otber con- 
federation, than only knowing how the Cixcles of the 
Sphere are poſited upon the Globe it ſelf ; which will be 
ſufficient to carry y'u through the whole Work. And 
to that end (after ſome few neceſſary Geometrical Pro- 
blems _) at the beginning of the Book, I bave inſerted 
fome Aſtronomical Elements alſo, giving the Reader 
a brief account of thoſe Carcles,and alſo of their ſituation 
upon the Globes And inthe Concluſion of this firit Part 
T have (as my [iſt Example of Declming Reclining 
Dials ; which Plains of all others, are the moſt difficult 
to draw Hour-lines upon) ſo Projected the Sphere for 
that purpoſe, that not only the Making, but the Reaſon 
alſo of the.delineation of that Dial (and conſequently 
of auy other _) is demonſtratively diſcovered. 
 Theſecond Part 4 Arithmetical, ſhewing bow by 
Arithmetical Calculation (by help of the Canons of 
Artificial Sines and Tangents _) to find the ſituation of 
any Plain, and from thence to calculate the true places 
of the Stile, Subſtile, and Mcridian, as alſo of the Hour 
diſtancer, and that upon all ſorts of Plains, from the 
Horizontal or Vercical, to ſuch as Decline or Recline, 
or both. And in this Part I have taken my Examples 
(for the moſt part ) the ſame as in that fore-going, and 
that for theſe two Reaſons principally. (T.) For the ſa- 
viug my felfthe labour of calculating of ſo many New ; 
ones. But (ll.) and chiefly, for the Practitioner's ſa= * 
tisfabtion, © 


F To the READER. 
" tisfaFion, that be may ſee what harmony there 3s be- 
+peen Arithmetical Calculation and Geometrical 
Projection. 

 Thethird Part z Inſtrumental, and teacheth how to 
delineate Hour-lines upon all ſrts of Plains, by hep of a 
Plain, Cheap, ang Portable Inſtrumenr, which I call a 
HOROLOGICAL TRIGON, by which the Stile, Subſtile, 
an4 Hour-lines, upon any Plain, may eaſily an {ſpeedi.'y 
be Protrafted, having very few lines t» draw, but the 
Requiſites themſe/ves,and in ary cafe, ſeldoin exceeding 
the Confines or Limits if the Plain it ſelf. And with this 
Inſtrument and its Ule I conclude this Trea ile, 

It may now be expected that I ſhould ſhew how to 
beautific or adorn theſe Dials, by inſcribing upon then 
other Spherical Circles and Lines ( beſides the co:nmorn 
hours ) as the EquinoGual and Tropicks, the Parallels 
of Declination, Parallels of the Suns Place, of the 
Length of the Day, cf the Suns Rifing and S:tring, 
the Jewiſh, Italian, and Babyloniſh hours, Almican- 
thera s Azimuths, Circles of Poſition, the Signs Al- 
cending, Deſcending, and Culminating, and the like 
Spherical Concluſions : But in regard that (in part ) 
ſome years [ince, I have ( in an Appendix to a Book of 
Dialling ) publiſhed a Geometrical way of per forming 
many. of theſe Concluſions upon ſome Plains, I was the 
more willing to omit them in this place at that time; my 
other occaſuons not giving me ſ) much leiſure, as t1 pro- 
ſecute them things anſwerable to my own deſire, or the 
ngenious Praflitioner's fatistation, But at that _, 
| T adit 


To the READER. 

T did promiſe (God willing) that in due time I would 
publiſh ſomething elſe of D1alling, and that not only of 
the making of Dials upon Plains, but upon irregular 
Superficies alſo, as upon Cylinders, Cones, and 
Spheres, both Concave and Convex, and alſo upon ir- . 
regular Concave or Convex Superticies, and that 
both by Reflexion and Retraxion, with divers other 
things of the like nature : All which particulars, 1 
have ſince that time performed, an the Book is now in 
the Preſs, an account of the Tile whereof, and. of the 
particulars therein contained, is given in a Poſticript 
.at the end of this Book. 

And now, Reader, let me acquaint thee, That in the 
former Edition ( in regard of my remotion from the 
Prels, and the careleſnels of the Printer, and grols 1g- 
norance of his Corre&or, ſuch ridiculous faults and 
abſurdiries paſſed the Oo that when 1 came to peruſe 
the Book, 1 could hardly Cmy ſelf ) in many places 
(without due conſideration ) underſtand it. But Ihave 

| purged it from thoſe Exrors and Abſurdities witb which 
it was then burthened, to my wexation, and the great 
7rouble of the Learner ;, and now, is far more perfed, 
and nothing in it deſerving an Errata. I this ſecond 
time recommend it to thee, wiſhing all good ſucceſs in 
thy Endeavours. And ſo for this time, Farewel. 


| Nonhe, Sqn. 26. @—@ Vil Leybourn, 


CONNEXTURE 


GEOMETRICAL PROBLEMES, 
AND 
ASTRONOMICAL ELEMENTS, 


PROEL. I. 


Opon a Right Line given, to ere# a Perpendicular. 
DEFINITION. 


Right Line is ſaid to be Perpendicular to another 

Line, when it maketh the Angles on either ſide 

| of the ereted Line, equal, that 1s, ſo that the 

Line inclines not,either to the right or to the left, 

but ſtandeth upright upon the Line,upon which it is ere&- 

ed, as 1n the following Figure, the Right Line A B is ſaid 

to be perpendicular to the Line C D, upon which it is ere- 

ted, becauſe the Angles on either fide thereof are equa]; 

namely the Angle A B C on the one ſide, 1s equal to the 

Angle ABD, on the other ſide ; and either of theſe Angles 

are called Right Angles, and the Line AB ſoereCted, 15 cal- 
led the Perpendicular. 

= B PRA- 


(2) 


PRACTICE, 


Let CD be a Right Line given,and let it be required to 
erect a Perpendicular thereupon from the point B: Open 
your Compaſles to any convenient ſmall diſtance, and fet- 
ting oneFoot in the point. 
B, with the other, make 
the two marks E and F, 
' on either fide of the point 
B. ---This done,open the 
Compaſles to any other 
convenient diſtance grea- 
ter than the former, and 
ſetting one 1n the point 
te omen ne, WR 9 or raw 
C E BF D the obſcure Arch GG, as 
near as you may guels over the given point B. Again (the 
Compaſles being ſtill opened to the ſame diſtance) ſet one 
foot in the point F, and with the other Foot deſcribe ano- 
ther obſcure Arch H H, croffing the former in the point 
A, ſois A the point through which, if you draw a right 
Line from the given point B,that Right Line A B, ſo drawn, 
{hall be Perpendicular to the given Line C D, and fromthe 
point B, as was required. 
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PROBL. IL 


How upon (or near) the end of a given Right Line, to ere@ 
« Perpendicular. 


O effe& this, there are ſeveral ways, but 1 will in- 
; | fianceonly in two, which are familiar and calle. 


The 


(3 3 


_ The Firſt Way. 


Let AB be a Line given, and from the point A, which is 
towards the end thereof, let it be required to ere a Per- 
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pendicular A C. ——Firſt, Open your Compalles to any 
{mall diſtance, and ſetting one foot in the given point A, 
with the other deſcribe the Arch F E D, then ſet one foot 
of the Compatles in D, (they being opened to the ſame di- 
ſtance) croſs the Arch in E, and ſetting one foot in E, with 
the other deſcribe the Arch AF G crofling the firſt archin 
F. Again, ſet one footinF, and with the other deſcribe the 
ſmall arch HH, croſſing the former in the point C: ſo the 
line A C being drawn, it ſhall be perpendicular to the gi- 
ven Line AB, and from the point A, as was required. 


The Second Way. 


Let B be the point given, and from it let it be required 

to draw theline B I, Perpendicular to A B, ----- Open the 

 Compaſles to any ſmall diſtance, and ſetting one foot inthe 

given point B, pitch down the other foot at all adventures, 

as at K, ſo the onefoot eg K,turn the other foot mow 
| 2 _ 


(4) 


till it croſs the given line A Bain L, then draw the line K L, 
and ſet the ſame diſtance K L, (at which the Compaſles al- 
ready ſtand)from K to M,ſfo a Line drawn from B, through 
M, ſhall be Perpendicular to A B, and from the given point 
B, as was required. | 


\ 


td = 


PROBL. III. 


How from a Point above, to let fall a Perpendicular to a 
Right Line giver. 


N this there are two Caſes, Firſt, when the point above 
1s over(or near) the Middle of the Line. And Secondly, 
when the Point above isnear over the End of the Line. 


The Firſt Caſe 


Let N O be a Right Line given, and from the point P, 
over it, letit be required to let fall the Perperdicalar P Q. 
----Firſt open your Compaſles to any diſtance greater than 
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P Q.and ſetting one footinthe given point P, withthe other 
deſcribe an Arch of a Circle,cutting the given line N O, in 
the points R. and S. Then, Secondly, divide the ſpace be- 

; tween 


(5) 
tween R and Sin two equal parts in Q_ (by the Fourth 
Probleme following) ſo aline drawn from the given point 
P, to Q, ſhall be Perpendicular to the given lineN O. 

The Second Caſe. 

Let V be the point given, from whence tolet fall a Per- 
pendicular to the line N O, ----Firſt, from any part of the 
given line NO, asfrom T, draw a right Line to the given 
point V, which Line (by the next Problem) divide into 
two equal parts in the point X, with that diſtance of the 
Compaſles (one foot being placed in X) with the other de- 
ſcribe the Arch (or Semicircle) V OT, cutting the given 
line N O inO, fo a Line drawn from V to Q., ſhall be Per- 
pendicularto the given lineN O, and towards the end thereof, 


as was required. 


a 
——C 


PROBL. IV. 


How to divide a Right Line giver, into Two Equal parts,and 


at Right Angles. 


'B 


b--"1þ 
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the Point H;, and at Right A 


below the line ) 


Et the line A Bbealine given, to be divided into two. 
equal parts at Right Angles. Take in your Compaſles 


the length of the line A B, or 
(if that be too long) any other 
diſtance above half the length 
thereof, and ſetting one foot in 
theend A, with the other draw 
the Arch CDE,(then the Com- 
paſles unaltered) ſet one footin 
B, and with the other foot croſs 
the former arch(both aboveand 
11 the points: 
F and G; then a line drawn 
from F toC, hall cut the given 
Line in H, ſo {hall A B be di- 
vided- in two Equal Parts. 1n 


veles, whichwasrequired. 


PROEL, 


(6) 


PROBL.V. | 
A Right Line being given, how to draw another Right Line, 
which ſhall be Parallel thereunto, at any diſtance required, 
or through any point aſſugned. 


DEFINITION. 
F Parallel Lines, there are principally Two kinds,v7sz. 
Streight or Rieht Lined Parallels, ard Circ:lar Paral- 
lels. All Circles that are deſcribed or drawn 1pon the ſame 
Centre, whether they be grea- 
ter or leſſer one than the 0+ 
ther, are ſaid to be Parallel 
or Concentrick Circles, as the 
Circle A B C D, may be ſaid 
to be a Concentrick Circle with, 
or a Parallel Circle to EF G 
H, becauſe both of them are 
deſcribed or drawn upon the 
ſame point or Centre O; and 
of both theſe Circles,the right 
line A C is the Diameter of the 
Greater Circle, and E Gof the Leſſer, the point O is the 
Centre of both, and all Right Lines drawn from thence 
_ to the Perifery, Circumference, or Limb of either of the 
Circles, are Equa], and are called ſometimes the Semidia- 
ziters, and ſometimes the Radins of the Circle, as the lines 
O Cor OB of the Greater,and O Hand O E of the Leſer- 
It containing 60 ſuch Degrees or Parts, of which the whole 
Circle contains 360. 
But Right Lined Parallels, are ſuch Right Lines, that 
being drawn upon the ſame Plain, and infinitely extended 


| on either fide, would never con- 

B_—_—_—— cur or meet, but always 1n all 

parts, retain an equal diſtance, 

2 —— D and ſuch are the right lines B C, 
and B D, in the Margin. 


In 


(73 :. 
In the deſcribing or drawing of Parallel Lines, there 


fall out Two Caſes or Varieties: As, _ 
7% It may be re wt to draw a Right Line Parallel to 


another Right Line, at a Diſtance given : Or, 


2. It may berequired to draw the Parallet Line through 
a Point aligned. 
And of Vis kind there may. be two Caſes 3 For, 
x. The given Point may be Over or Under the Giver 
Line ; Or, EY 
2. It may be Oblique to the given Line. 


PRACTICE. 


Of the Firſt Caſe. 
Let E F be a Right Line given, and let it be required to 
| draw another 


T1, PR LID EPI, "9m Right Line 
2 Far, Py ”, parallel there- 
; os EM oh unto, at the 
y| | Diſtance of 
URINE 7a — _  — — Tn 0 

- F and H. 
Take in your Compaſſes the given diſtange G H, then 
ſetting one foot of the Compaſles in E,(or any other point 
near the ends of the given Line) deſcribe a ſmall obſcure 
Arch of a Circle, as I K. Then moving the Compaſlles to 
F (towards the other end of the given Line) deſcribe ano- 
ther obſcure Arch as L M; then lay a Ruler to the very 
top of theſe two Arches, ſo that the Ruler do not crols, 
but juſtly touch either of them: then by the fide of the 
Ruler draw the Line N ©, and it ſhall be Para/el to the 


given LineE F, and at the diſtance G H, which was re- 
quired. 


_ The 
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_ quired. 


5 8. 

The Second Caſe. 
Let PQ be a Right Line given, and let it be required 
to draw another Right Line Paralle] thereunto, which 
{hall paſs through the point R. 


Firſt, Set one foot 


mmm ormen, he of your Compaſles in - 
NV 82_ ww 5 TT the givenpoint R,and 
Wb PLN: po with the other take 
Y R the neareſt diſtance to 


the given LineP Q ,which isdoneby opening or ſhutting of 
the Compaſles, t1]]l the moveable point do only touch the g1- 
venline PQ, deſcribing the Arch ST. The Compaſles 
{till reſting at this diſtance, ſet one foot in P, (or any 0- 
ther points towards the end of the given Line) ana with 
the other foot deſcribe the Arch V X, Laſtly, By the very 


top of this Arch Y,draw the Right Line Y R, and it ſhall be 


Parallel to the given Line PQ, and ſhall paſs directly 
through the given Point R, which was required. 
The Third Caſe. 

Let A B be a Right Line given, and let it be required to 
draw another Right Line Parallel thereunto, which ſhall 
paſs through. the Point C. 

Take in your Compaſſes the diſtance from the given 


. PB Point C, to the 

Qu —_ end of the. gi- 
F ven line B, then 

0 | ſet one foot in 

H: ah et IKE — A.the otherend 


ES of the given 

'6 *D line, and with 

the other Foot deſcribe the Arch F G. Again, Take in 
your Compaſſes the length of the given line A B, and ſet- 
ting one foot of that diſtance in C, with the other deſcribe 
the arch DE, croſſing the former arch in the point H, ſo 
the Line H C being drawn, ſhall be Para/e} to the Line 
AB, and ſhall paſs through the gwen point C, as was re- 
| PROBL. 


(9) 
PROBL. VI. 


o | ot i ] ine) bein 
Three Points (which are not in 4 ſtraight Line) 2 
when how to nd the Centre of a Circle, which ſhall paſs 
through thoſe Three gruer: Points, 


Ft the three given points be AB and C , through 
, Which 1t 1s requlred a Circle ſhould be deſcribed : 
Firſt, Set one Foot of the Compalles in one of the given 
points as in A, and 
extend the other foot 


= 
v 
TLLLA 5 


"uz 4 
KD to B,: another of the 
RYE *% J '. $4 

© | % Points, and draw the 


arch of a Circle G F 
D, -----Secondly, the 
Compalles not alter- 


Wy ed, ſet one foot in B, 
A—_ and with the other, 
B. A croſs the former Arch 

: with two ſmall Arches, 

in the points Dand E, 


and draw the Right 
Line D E. ---- Third- 
ly, ſet one foot of the 
Compalſlesin the third 

: point C, ( they ſtill 
—_ .. iT, keeping the ſame di- 

ne, ſtance) and with the 
4194 5f . other foot croſs the 
firſt drawn Arch, G F D, in the points F and G,and draw 
the Right Line F G, crofling the former right line D E,in | 
the point O. So1s O the Centre ſought for ; upon which, if 
you deſcribe aCzrcle at the diſtance O A, 1t {hall paſs through 
all the three given Points A B and C, as was required. 


<-—-.--:-- -_ 


(10) 
PROBL. VII. 
Two Points within a Circle being given, how to 'find the 


Centre of a Circle, which being deſcribed, ſhall paſs 
through the Two Given Points ; and ſhall alſo divide 


the Perifery or Circumference of the given Circle into 


Two equal Parts. 


þ Ap and the foregoing Propofition,come in continual 

uſe and practice throughout this work, and there- 
tore ought more eſpecially to be minded. _ 

Let the Crrcle given be A B CD, and the two Poirts 

within the ſame, be E and F. E 13 

17; Firſt, Through et- 

ther of the given Points 

(as E, ) draw a right 

Iine-ED; which muſt 

paſs through the Cen- 


IR [a i. Secondly, To 
Cj .-orcm OT N ,.-«=e| A this line B D, draw the 


: y  lineA'C, through the 
Þ Centre, and at right 
: angles to BD--- Third- 
if | ly,From the given point 


E, draw a right line E 


D; : A, and upon the end 
Fs thereof A, (by the 2. 
{, Probl.) erect the Per- 
TY pendicular A G, crol- 


fing the LineB D, Cit 
being extended) in the 
point G, fo ſhall G be 
pt borynn toy mngti a third-point, and then 
having the three points E Fand G, (by the laſt Problem) 


you. 


tre of the given Circle 


3 
«AY 
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you may find a Centre, upon which a Circle being deſeri- 
bed, ſhall paſs, whoſe Centre will be at H, without the 
given Circle, upon which point, if you deſcribe the arch 
of a Circle at the extent or diſtance of H E, H F, or HG,it 
ſhall paſs through the two given Points E and F, and ſhall 
alſo divide the given Circle A B C D,into two equal parts 
in the points M and L, which was required. And that 
this Arch thus drawn doth dividethe given Circle into two 
equal parts 1s evident, for a Line drawn from L to M, will 


paſs directly through the Centre of the given Circle, and 


- 


ſhall therefore divide it into two equal parts. 


__ 


———_— —_— 


PROBL. VIII. 


How to make a Line of Chords Geometrically, to any aſfegn- 
ed Length or Radius. 

"Oraſmuch as through this whole Treatiſe, there 1s con- 
- tinual mention and uſe made of a Line of Chords, it 
will not be impertinent in this place to diſcover the making 
thereof, for the convenience of ſuch, as at all times, and 
In all places, cannot have the benefit of the Mathematical 
Inſtrument-maker, to whom theſe things are common. 


DEFINITION. 


A Line of Chords 1s no other than 60 Degrees of the 
Arch of any Circle, transferred from the Limb of a Circle 
to a Streight Line; now every Circle great or ſmall, is 
divided (or ſuppoſed ſo to be) into 360 equal parts,called 
Degrees, 1o the Semicircle contains 80, the Quadrant go, 


_ and the Radz#s or Semidiameter (which is that. Line upon 


which the Circle or Semicircle is deſcribed) noted in the 
following Figure with the Letters A B, is always equal to 
60 degrees of that Circle which it deſcribes, and TEITANy 
C 2 60 de- 


Y as JA 
hs. hh MELEE A aa IIS YC 
EE . 
ow tc ——= 
- n _—_O__ » 


- on the Right Line C'D, the Chordof 90 deg. ©! 


wy 
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bo degrees of a Line of Chords is called the Radixz thereof. 

Thus much for the Definition of a Line of Chords, now for 
The CONCLUSION. 


Firſt, Draw a Right Line of any length, as C B D, and 


upon the middle thereof, (by the Firſt or Fourth Problem) 


erect the Perpendicular A B. 
* Secondly,Open your Compaſles to the Radizs,or length 
that you would have your Line of Chords to be of, which 
ſuppoſe AB, (which I make kere equal to the Line of Chords 
$2at moſt of the Schemes and Diagrams in this Book were ae- 
ſcribed by) and with that diſtance upon B, as a Centre, 
deſcribe the Semicircle C A D, which is divided . into 
two equal parts or Quadrants by the Perpendicular Line 
A B. 
Thirdly, Divide the Arch or Quadrant A R D, mito 
90 equal parts or degrees, which you may do in this man- 


ner | Take the length of the Line A B, and ſet that di- 


ſtance upon the Quadrant A D, fomDroR,fois DR 
60 deg. and A R 3o deg. Then take the diſtance A R, 
and fet it from D to S, fo is the Quadrant divided 1n- 
to three equal parts, at the points Sand R, each contain- 
ing 3o dep. This done, divide the ſeveral ſpaces between 
AR, RS, and S D, into 3 equal parts, each of which 
will be xo deg. according as you ſee the numbers ſet to 
them, theſe muſt be again divided into two equal parts, 
each pare containing 5 degrees, and every of thofe' into 


five ſmaller, as you ſee in the Figure,and fo will the whole 


Quadrant be divided into 90.) 
 Fourthly, The Quadrant AR SD being thus divided 


Into 90 parts or degrees, ſet one foot of your Compaſles 
in D,and open the other foot to A, and*deſcribe_the Arch 


9 


AEF, touching the Line C Din F, fo is the point F, up- 


Fifthly, 
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Fifthly, Open the Compalles from D to 86 deg. and 
deſcribe the Arch &o GH, ſo ſhall the point H be the 
Chord of 8o deg, 


Sixthly, Open the Compaſſes from D to 70, and de- 
ſcribe the Arch 70 I K, ſo 1s K the Chord of 70 deg. 
Again, Openthe Compaſles from D to R, the Radius, 


or 60 deg. and deſcribe the ArchR LB, ſois B the Chord 


of 60 deg. equal to the Radius. 

Do the like with 50, 40,32,20 and to deg. So fhall yon 
have the line D F divided into 9o unequal parts called 
Chords. 

In this manner may-you make a Line of Chords of any 
length, and ſet it upon a Ruler, and it 1s fit for to perform 
all the uſes in this Book, and it were convenient that upan 
one and the ſame Ruler,you had three, four, or five Chords 
of ieveral lengths or Radiuſes, as in Praftice you will find 


to be neceſlary and commodious: 


Being thus provided of a Line of Chords, I will now ſhew- 
you how to work two Concluſtons Geometrically, which are 
of abſolute uſe in Dialling, the one is kw find the Hour 


+ of the Day, and the other is to find the Azimuth of the 


Sun at any time, ard in any place. And with them I 
ſhall conclude theſe Geometrical Problemes, axd Aſtra- 
nomical Elements. 

Aftro« 
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Aſtronomical Elements. 


Or the better underſtanding of that which followeth 

the Reader ought to be acquainted with the Princi- 

pal Circles of the Sphere. As allo, with ſuch other Lines, and 
Points, as are deſcribed and noted upon the Material 

Sphere or Globe, in mitation of thoſe which are imagin- 

ed to be in the Heavens. And of ſo many of theſe as are 


neceſſary for this our preſent purpoſe, I ſhall o1ve you a 
brief account. Know theretore, that, 2 


DEFINITION. { 
FTE 


A Sphere or Globe 1s a Sol1d Body, containing only one 
Superficies, in whoſe middle there is a Point, from whence 
all right lines drawn to this Superficies are equal. 

The Principal Circles of which a Sphere or Globe is 
compoſed, are in number [ex, whereof Six are great, and 
Four are ſmaller Circles. 

A Great Circle 1s that which divideth the Body of the . 
Globe into two equal Parts or Hemiſpheres. A Small Cir- 
cle is that which divideth the Globe into two nnequal 


parts. 


The Six Great Circles are, 


xt The Horizon, c S; The Zodiack, 


2 The Meridian, & 
> The Meriier, © 352 The Two Colm 


The Leſſer Circles are, 
1 The Tropick of Cancer, 2 The Artick Circle. 
2 The Tropick of ras Wy 4 The Aztartick Circle. 


Of theſe in the Art of Dialling there is principally but {| 
Fiveto be taken notice of, viz. Three Great Circles, and 


two ſmaller Circles. 
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The Great Circles are, 


1 The Horizon, 
2 The Merzdian, 
3 The /EquinoGial. 


The Leſſer Circles are, 


1 The Tropick of Cancer, 
2 The Tropick of Capricorn. 


I. Of the HORIZON. 
In the following Figure, let the outermoſt Circle there- 


of, noted with the Letters HZON, repreſent a Sphere or 
Globe, then the Horizon is a Circle which divideth or ſc- 


ZzZ 


>2 
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parateth the viſible part of the Heavens which-we ſee, from 
the inviſible part which we ſee not, and 1s repreſented in 
the following Figure by the Line (which repreſentsa great 
Circle) H Q O, ſeparating the viſible Hemiſphere H Z O, 
which we lee; from the invilible part thereof H N O,which 
we lce not. | 


II. Of the Meridian, 


The Meridian 1s a Great Circle of the Sphere which paſ- 
ſeth by the Poles of the World, and through the Zenith 
and Nair of the Place. To this Circle, when the Sun 
cometh, he being above our Horizon, maketh Noon or 
Mid-day, and being 1n the fame Circle, when it 1s under 
the Horizon, it 1s then Midnight. 


The Zenith is.that point in the Heavens which 1s direCt- 


ly over your head, in what part of the World foever you 
be. | And, - 


| The 


$ELY 
53 ol 
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The Nadir is that point in the Heavens which 1s under 
your feet, diretly oppoſite to the Zemth. 
The Meridian Circle in this Figure, is noted with the 
Letters H Z O N, the point Z at the top repreſenting the 
Zenith , and-N the Nadir Points. 


III. Of the AEquino@ial. 


The /EquinoGial 1s a great Circle of the Sphere, divi- 
ding it into the Northern and Southern Hemiſpheres, 
which take their names from the two Poles, that being 
called the Northern Hemiſphere, in which the North Pole 
is ſeated, and that the Southern 1n which the South Pole is 


ſeated. Unto this Circle when the Sun 1n his Annual mo- 


tion arriveth ( which 1s but twice in the whole Year) the 
Days and Nights are of equal length through the whole 
World. 

This Circle cutteth the Axis. of the World at Right. 
Angles, and is ſeated in the Heavens 9o.deg. or a Quarter 
of a Circle,.diſtant from'either of the Poles. = 

[t 1s repreſented in- this; Figure, -by the Line or Circle 
A Q z. The two Poles are noted with P and S; P be- 
ing the North, and S the South Pole; and ſo the Hemi- 
ſphere; x P #, is the Northery, and A S x the :Southerr 
Hemiſphere.- And the Right line P Q'S, 1s the Axzs of the 
World, croſing the AEquinoGial at -Right Anglesin Q, 
the Centre, or middle point of the Sphere or Globe. 


IV. Of the two Tropicks. 


The two Tropicks are Smaller Circles of the Sphere de- 
{cribed parallel to the Xquinoctial Circle, and at 23 deg. 
and a half diſtant therefrom ; that being the greateſt Decl;- 
zation that the Sun hath from the Rieuinefial towards 
either of the Poles. Of theſe Circles one is called the 
Tropick of Cancer,or Northern Toes the other the me 

| Pic 
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pick, of Capricorn, or Southern Tropick, ſo denominated, 
from the Poles which they reſpe& or behold. As the Tro- 
pick of Cancer, marked with the chara@ter of Cancer S B 
at eachend thereof, beholdeth P,the North Pole,and the Tro- 
pick of Capricorn, noted with the charaQters of Capricorn, 
v? vw, at each end thereof reſpeCteth S, the South Pole. 
Theſetwo Circles are the bounds or limits of the Suns 
courle, for between them he always moveth, never going 
| more Northward or Southward,(that is, declines notnear- 
erto any of the Poles) than 23 deg. 31 min. Wherefore, 
when the Sun in his annual courſe, ſhall arrive to the Tro- 
pick of Cancer, which is about the 10th. or 11th. of June, 
he maketh the Loxgeſ# Days to all that inhabit in the Nor- 
thern Hemiſphere. And when he arriveth to the Tropick 
of Capricorn, which is about the 117th. of December, he ma- 


= 
& 


' keth the Shorteſt Days to thoſe that inhabit the Northern, | 


_- and theLongelt to thoſe of the Southern Hemiſphere. 
Beſides 
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Beſides theſe Circles here named, there are divers others de- 
ſcribed upon the Globe, Two ſorts whereof, are of great uſe 
in Dialling, aud therefore I ſhall make them known, Vize 


e. 


Hour Circles, and Azimnths. 


Our Circles are great Circles of the Sphere, which 
| meet together in the Poles of the World, and croſs 
the Aquinotal at Right Angles; of which the Meridian 
(or outward Circle in this Figure) is the hour Circle of 12, 
the ſtreight line PQ S, which repreſents the Axis of the 
World, is alſo the Hour-circle of Six, and all the reſt of 
the Hour-circles are drawn from Pole to Pole between 
them, as the Circle P A S repreſents the Hour-circle of 8 


and 4 a Clock, and fo of all the reſt, which are 12 in num- 


ber, repreſcnting the 24 hours of the day and night being 
taken round the Globe or Sphere. 


Azimuths are alſo Great Circles of the Sphere, meeting 
together in the Zenith and Nadir points, and fall upon, or 
interſe& the Horizon at right Angles; as the Hour-circles 
do the XquinocCtial. Of theſe Circles, the outermoſt 
Circle of this Figure repreſents the North and South Azi- 
muth; and the line Z Q N the Azimuth of Eaſt and Weſt, 
and 1s commonly called the Prime Vertical Circle. And all 
other circlesdrawn through the Zenithand Nadir points, and 
cutting the Horizon at right Angles, are intermediate A- 
zimuths between the Eaſt and Welt, and the North or 
South Points. As in the Figure, the Circle Z B N is an 
intermediate Azimuth between the South and the Weſt, it 
being 40 deg. diſtant from O the South point. 

Every Circle of the Sphere hath its proper Poles,which 
are always 9o deg. diſtant from it 1n all parts. 

So in the former Figure Z the Zenith, and NN the Nadir 
points, are the Poles of the Horizon, they being go deg. 
.D 2 diſtan 
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diſtant from O the South point, from Q the Weſt point, 
and from H the North point of the Horizon. 

Allo Q is the Pole of the Meridian Circle HZ ON, it 
being go deg. diſtant therefrom 1n all parts. 

Again P and S,the North and South Poles of the World, 
are alſo the Poles of the Xquinoctjal Circle, they being re- 
moved therefrom on either fide 9o deg. | 

But the Pole of the Hour-circle PASis at C, and the 
Pole of the Azimuth Circle Z BN is at D, and how to 
find theſe Poles, and alſo the Poles of any oblique Circles, 
{hall be diſcovered in divers places of the following di(- 
courſe, where there is often occaſion for the finding of them. 


Note, And whereas throughout this Book there is continual 
mention made of Degrees and Minutes, know, that a De- 
gree is the 360 part of any Circle, each of which degrees 
is ſuppoſed to be divided into 60 parts called Minntes, fo 
that 45 min. is three quarters of a degree, 3O min. half a 
degree, and 15 min. one quarter of a degree, &C. 


Theſe are ſuch Aſironomical Elements, as I conceive, 
moſt neceſſary for the underſtanding of that which tollows; 

[t reſteth now that I ſhew how to perform twoor three 
Aſtronomical Concluſtons Geometrically, without which the 
knowledge of making of a Dial will be of little validr- 
ty; for to what purpoſe will a Dial ſerve without it be 
rizhtly placed? Or how can you make a Dial for any ap- 
pointed place, without you firſt know the poſition or (i- 
tuation thereof? And to theſe purpoles are the following 
Concluſions fubſervient. 


And becauſe it is requiſite to know at all times of the Fear, 
What declination the Sun hath from the FEquino@ial 
either Northward or Southward, I have therefore at the 
end of this Introdu@ion, inſerted two Tables, the one 
ſhewing the Suns Declination every day in the year. And 
the other a Table ſhewing the Latitudes of all the Princi- 


pal Cities and Towns in England, Scotland azd Ireland. 
. PROBL. 
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PROBL. IX. 


Having the Latitude of the Place, the Altitude of tte Sun, 
and the Day of the Month giver, to find the Hour of the 
"ys and Azimuth of the Sun. 


Et the Place be Lozdonw, whoſe Latitude 1s 51 deg, 
_, 32 min. ---- Let the Suns Altitude be 4.5 deg. ---- And 


Ict the Day of the Month be the 11th. of May, at which 


tim-, by the following Table, the Suns Declination 1s 
20 deg. 20 min. North. 

Firſt, Deſcribe the Circle H Z O N, repreſenting the 
Meridian of the Place; ---- Croſs it at right Angles with 
the two Diameters HQ O, for the Horizon, and Z Q N 
for the Prime Vertical Circle, or Azimuth of | Faſtand Welt. 

Secondly, Take 51 deg. 32 min. the Latitude of the 
Place, out of your Line of Chords and ſet it from H to. 
P the North, and from O to S the South Pole; and draw 
the line P Qs. for the Axis of the World. And becauſe 
the Aqumodtial Circleis,in all parts, diſtant from the Poles 
of the World, go deg. take go deg. of your Chord, and 
{ct themfrom P to XZ, and from Sto xz, and draw the line 
X Q x, for the Aquinoctial Circle. 

Thirdly, Fhe Suns Altitude-given being 45 deg, Take 
45 deg. from your Chord, and ſet them from H to A, and 
fromO to T; and lay a, Rulcr either from H to T. Or 
from O to A, and the Ruler will croſs the Prime vertical 
Circie in L, through which point the Circle of the Suns: 
Altitude muſt be drawn,aric for the drawing of it, you have 
three points, A, L and r: whercfore by the 6th. Probleme 
beforegoing you may find its centre, which will always 
be in the Prime Vertical Cirele Z QN, extended. 

" FOUTDINY: The Suns Declination tor the day propoſed, 

2, the 11th, of May) being 20 deg. 20 min. North- 
art therefore take 20 deg. 20 min. out of your line of 
Chords. 
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Chords, and ſet them from X to C, and from x to D, to- 
wards P the North Pole, becauſe the Declination was North, 
otherwiſe it {Fould have been ſet towards S the South 
Pole. ---- Then laying a Ruler either from A to D, or 
from x to Cit will in both caſes cut the Axis of the World 
in E, through which point the Parallel of the Suns de- 
clination for that day muſt be deſcribed, and for the 7 
drawing of it, you have three Points D, E and C, whoſe * 
Centre will always be in the Axis of the World SQ P © 
+ ng and may be found by the former Sixth Pro- * 
leme. F 
Fifthly, Obſerve in your Scheme, where the Parallel of © 
Altitude A L T, and the Parallel of Declination DE C, 
do croſs each other. which will be at the point ©, and 
that 1s the place of the Sun at the time of the Queſtion. 
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Sixthly,By the forementioned 6h, Proþl. draw an Hour- 
circle 
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circle through the three points P © and S, whole centre 
will always be in the Aquinottial line extended, if need 
be ; alſo, through the Points Z © and N, draw an Azt- 
muth Circle, whoſe centre will always be in the Horizon 
extended when need requires. 


Theſe two Circles being thus drawn, your Scheme 1s 


prepared for the finding both of the Hour and Azimmwth 1n 
this manner. 


I. For the HOUR. | 
Lay a Ruler to P, the Pole of the World, and G the 


point where the Hour-circle crofſeth the Xquinoctial, and 
the Ruler will cut the Circle in a. So the diſtance from 4 
to # being meaſured upon the line of Chords, will be 
found to contain 41 deg. 48 min. which is the Hoxr of the 
day, counted from Noon, which reduced into Time (by 
allowing 15 deg. to an hour, and 4 deg. to one minute of 
time) will be two hours, 47 minutes, that is, either 47 
minutes after 2 in the After-noon, or 13 minutes after 9 
in the Fore-noon. 


WH. For the AZIMOUTY. 


Lay a Ruler to Zthe Zenith, and to B the point where 
the Azimuth Circle crofſeth the Horizon, and the Ruler 
will cut the Meridian Circle in the point b, ſo the diſtance 
h O, being meaſured upon the Line of Chords, will be 


found to contain 62 deg, 8 minutes. And ſuch is the Suns 


Azimuth from the South part of the Meridian. ---- Or the 
diſtance N 6, being meaſured upon the Chords, will be 
found' to contai:: 27 deg. 52 min. which 1s the Suns di- 
ſtance or Azimuth, from either Eaſt or Weſt, according to 


"the time of the day, 


Thus by one and the fame Projection of the Sphere, 
you have found both the Hour and the Azimmth,and 
many 
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many other Concluſions Aſtronomical might be wrought 
by this way of Projection, which I have more fully 
ſhewed in my Geometrical Exerciſes, now lately pub- | 
liſhed, But ſeeing that the Azimmb is of ſuch frequent 
uſe in Dialling, that nothing can be done to pur- 
poſe without it, and that in this way of Projection, 
{ometimes the centres of the Circles will be very re- 
mote, I will here ſhew you another Geometrical way, 
whereby you may find the Azimmth at any time, ard 

- in any place,by ſtreight Lines, which will be ſome light 
and eaſe to the Practitioner, that ſo he may com- 
pare one Way with the other in caſe of any doubt, 
which will be a good confirmation of his Work. 


Another way to find the Azimuth. 


T Et the given Latitude be 51. deg. 32 min. 
The Declination North, 20 deg. 
The Suns Altitude 12 deg. 
And let the Suns Azimuth be required. 
'k Firſt, Upon the centre Q,, deſcribe the Semi-circleHZO 
\ for half the Meridian, and upon Q, raiſe the Perpendicu- 
ll lar Q Z, ſois Zt he Zemith, 


Secondly, Set (by help of your Line of Chords) 51 deg. 
32 min. the Latitude of the place, from Z to/E, and draw 
A Q for the Xquinoctial. | | 

Thirdly, 


a 
Thirdly, Set 20 deg. the Suns Declination, from A to- 


wards Z, to the Point D, (being it 1s North) and* draw 


the Line D T parallel to £Q, fois D B T the Parallel 
of the Suns Declination. 


Fourthly, Set 12 deg. the Suns Altitude given, from O ; 


to L, and from H to M, and draw the Line M L, for the 


Parallel of Altitude. 

Fifthly, Take 1n your Compaſles, half the length of the 
Parallel of Altitude S L, or $ M, and with that diſtance - 
upon Q, deſcribe the innermoſt Semicircle A C G. 

Sixthly, From the point B, which 1s where the Parallel 
of Declination, and the Parallel of Altitude do interſect, 
erect the Perpendicular BC, till it touch the innermoſt 
Semicircle. 

Laſtly, Lay a Ruler from Q to C, and it will cut the 
cuter Circle 1n E, fo ſhall H E meaſured upon the 
Line of Chords, be 72 deg. 52 min. the Suns Azimuth 
from the North part of the Meridian. 

E Z ſhall be 17 deg. 8 min. the Azimuth from Eaſt or 
Weſt. And, 


EO ſhall be 107 deg. 8 min. the Azimuth from the 
South part of the Meridian. : 
Having made this fair Preparative, 1 will here inſert the two 

fore-mentioned neceſſary Tables of the Suns Declination, 

and Latitudes of Places ; and then proceed to the Art of 

Dialling, the thing chiefly in this place intended. 
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(28) 
A TABLE of the Names and Latitudes 
of the Pincipal Cities, I owns and Iſlands 


in and about Great Þrittain and Ireland. 


England. D.. -M England. D. M. 
Edford 52 8|Reading C128 
Barwick 55 54| Saliſbury gt 

Briſtol 51 27| Shrewſbury 52...47 
Buckingham 52 of Stafford $2- 42 
Cambridge 52 712|Stamford 82. 38 
Canterbury 51 17] Iruero. SO. JO 
Carliſle 55 o©| Warwick $2.20 
Chicheſter 50 48| Wincheſter Ex 2 
Cheſter $226 Worceſter 52' 14 
Colcheſter Sq 0 York. 53 $0 
Derby 52 56| : 
Dorcheſter 80. 40} 


Durham - .- $4 50] Wales. D. M. 
Excelter 50 43| A Neleſy 23 28 
Giltord $51 12| /'\ Barmonth 3-50 
_ Glouceſter 51 53|Brecknock HS 
_ Hartford 5I 49|Cardigan 62 12 
Hereford 52 7|Carmarthen -. 4148 
Huntington 52 19|Carnarvan £3 16 
Tpſwich "$52 *+8|Denbigh $313 


Kendal $423 Flint 53 17 


Larcaſter 54. 10, Landaft 51 35 


Leiccſter 52 40| Monmouth SI 5L 
Lincoln 53 14\|Montgomery 57 56 


London 51 32| Pembroke 7 AG 
Northampton 52 14|Radnor 52 19 


Norwich 52 41|$St. David.. $2 © 


Nottingham | & HH — 
Oxford 5I 46| 
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Iſlands. 


Arnſey 
(Fjerey 
Limdy 
Man 
Portland 


Wight 
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Scotland. 
Berdean 
Dunblain 


Dunkel 


 Edenburgh 


Glaſcow 
Kinſalle 
Orkney 

St. Andrews 
Skyraſſin 
Sterling. 


Treland. 

Ntrim 

Arglas 
Armah 
Caterlagh 
Clare 
Corke 
Droghedagtt 
Dublin 
Dundalke 
Galloway 
Youhall 
Kenny 
Kildare 
Kings Town 


| Knockfergus 
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Lymerick 
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Wexford 
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53 
J3 
51 
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J2 
52 


The AR IT of 


DIALLING 


Geometrically performed , 


By ProjeQting of the Circles of the Sphere 
upon the Plazr it felt. 


The Firſt Part 


4 
—_—  —C —_ ” ——_— _ ” _ td 


CHAP. I. 


Of the ſeveral ſorts of Plains upon which DIALS are 
uſually made. 


I ALS may be made upon any plain Superfi- 
cies, and all plain Superficies are poſited in one 
or other of theſe three politions, viz. either 
Parallel, Perpendicular, or Oblique to the Horz- 
Zo of the Place wherein the Plain is ſeated, and all the 
Hour-lines drawn upon any Plain, are great Circles of the 
| Sphere, which being projected upon a plain Superficies, 
become {trait Lines. 


Now 


The Art of Dialling. Ir 


Now the Art of Dialling conſiſteth chiefly in the finding 
out of theſe Lines, and their true diſtances each from other, 
the which do continually vary, according as the Plains up- 
' on which they are deſcribed or projected, are ſcituated in 
reſpe& of the Horizon of the place. 


j I Parallel to the Horizon , as is Horizoxtal the 
| which I call Vertical) Plain only. 
| | North & South 
| 2.Perpendicular jwhichC Dirc& 
tothe Horizon, be As | _ 
| and ſuch areall;” either Eaft & Weſt. 
Of theſe erect Plains : J Or rg 
Plains 
there are L = North 
but three |. © Dire& YSouth ( Reclining 
Varieties, 3. Reclining} Eaft ( [nclining 
Vw from the | Weſt ) 
Zenith, or ! and theſe b] 0 
| Inclining 5 arecither | Or 
| to the Ho. | CRechning 
mT; \ Dechnin 2) 
[ L  Cliclining 


Now 1n the making of particular Dials, which are in 
number 25, I reduce them to 17, by ſupplying the zcli- 
ming Plains from their oppoſite Reclizers, as being indeed 
the ſame. 

And to avoid miſtakes, which may poſlibly ariſe by com- 
paringmy Examples with other Authors, or others-with mine, 
You are to take notice, that I denominate all my Plains from 
the ſight (or the Poſitions) of their Ax# 1n the Heavens, 
and-not from the Circles..of the Sphere in which they lie. 
Therefore-take notice, That 


Thoſe 
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"Horizontall } Vertical \ ſ Vertex or Zenith Point 


ax 


| 


| 


Vertical Nor Oy, _ North 


Becauſe | South 
their 


5 
| Py wan Points of the Horizon 


South 


\ 4 
EquinoRial | 
| 


Meridian 


riters call 


wW 


in the 


id 


Thoſe Plaj ns which moſt 


| Poles of the World. 


| Polar . I LEGQuinoQial # CEquznoial Circle. 


Again, 

All leaning Plains whether Dice or Declining, whoſe up- 
per Faces behold the Zenith, I call Recliners; and the nether, 
or under Faces of them, which reſpect, or look down to the 
Nadir, I call Inclizers. 


This diſtinction being made, the Plains of all which 
Examples following are thus denominated. 


1. Vertical or Horizontal. 
2. South and North Diref&. 
3. Eaſt and Weſt Direct. 

Eaſt 

4. South and North, declining) Or, 

-Weft 


Reclining | | 
5. Eaſt and Weſt Direct4 Or, ; 


Il - luclining. 


6. EquinoGial, Or South Reclining or Inclining to the Pole. 


7 CSouth direct Reclining or Incliningf 2 than the Pole. 
9. Polar, Or NorthReclining or Incliningto the Equino@ial. 


. a North dire Recliningor [nclining3 cl ri Equi- 


12. EquinoGial, Or South Declining Eaſt or Weſt Reclining to 
the Pole. 7 13. South 


_ Points of the Horizon 
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Geometrical Dialling. 
” x2.) South declining Eft or Weſt fabove\ 48 
T7 Reclining or Inclining _ {under rhe Pole. | 
15. Polar or North declining Eaſt or Weſt, Reclining or 
[oclining to the Equators « 


FY "Pl declining Eaſt or 4 oh Ithe Interſection 


Reclining or Inclining _ RO, - by agg 


Thus are the ſeveral Plains denominated, I ſhall now 
ſhew how the Situation of any Plain may be attained, ei- 
ther in reſpect of its Declination or Reclination. 


©" CHAP. 11, 
How to find the Reclination and Declination of any Plain. 


I. For the Reclination. 
He Recknation of a Plain, 1s the Arch of that Vertical 
Circle or Azimmth, which is perpendicular to the 
Reclining Plain, or that Azimuth, in which the Pole of 
the Reclining Plain lieth, comprehended between the Ze- 
z:ith of the place, and the Reclining Plain. 


— ——— 
_—__—T 


| Tofind which, 
We - - let ABCD be a 
Reclining Plain, 
draw firſt there- 
on by help of a 
Ruler and 9ua- 
drant, a lineG H 
parallel to the 
Horizon of the 
place, which ſhall 
be the Horizoz- 
tal Line of the 
Plain, and croſs 
It at right Angles 
with another 
right line K S, 
for the Vertical 
Line 


34 Geometrical Dialling. 

Line of the Plain to this Vertical Line K S, apply a ſtreight 
Ruler K 1, andto that end of it, which leth clear of the 
Plain as I, apply a Quadrant as O L1; having a thread and 
plummet hanging from the Centre at I, then ſee what num- 


ber of degrees of the Quadrant are contained between O 
andL, for ſo much doth the Plain Reclize from the Zenith. 


IT. For the Declination. 


The Declination of a Plain, is an Arch of the Horizox 
comprehended between the Pole of te P/ain, and the Me- 
ridian of the Place. Or it 1s the c:!tance of the Plajn it 
ſelf, from the prime Vertical Circle, or Azimuth of Eaſt and 
Weſt. 
'l find out the Declination of any Plain, there are re- 
quired gwo Obſervations to be made by the- Sun at. the 
fame inftant of time. The firſt of the Horizontal diſtance 
of the Sun from the Pole of the Plain, and Secondly, Of 
the Suns Altitude, NO : 

' I. To find the Suns Horizontal diſtance from the Pole of 
the Plain. Apply one edge of a Quadrant to the Hort- 
zontal line of your Plam, fo that the other may be per- 
pendicular to it, and the limb of the Quadrant may be to- 
wards the Sun, and hold the whole Quadrant Horizontal 
(as near as you can conjecture.) Then holding up a thread 
and plummet at full hberty, fo that the ſhadow of the 
thread: may paſs both through the Centre and Limb of 
the Quadrant, obſerve then the degrees cut by the ſhadow 
of the Thread, and number them from that ſide of the 
Quadrant that ſtandeth ſquare or perpendicular to' the 
Fn : For thoſe degrees are the Horizontal diſtance requi- 
red. 
| 2. This Hopizontal diſtance and the Suns Altitude being 
obſerved at the ſame time (as near as may be) will help 
you to the Plains Declination by the Rules following. 

_ Fult, By having the Altitude, you may find the 4z;- 
| mnth, 
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wouth by the two laſt Problemes of the Introdu@Gion. Then 


by comparing the. Azimuth and this Diſtance together, you 
may find the Plains Declination 1n this manner. 

When you make your Obſervations of the Suns Hor- 
zontal diſtance, mark whether the ſhadow of the thread 
fall between the South, and that fide of the Quadrant 
which 1s perpendicular to the plain. | 

1. If the ſhadow fall between them, the Azimuth and 
Diſtance added together, do make the Declination of the 
Plain, and in this'cafe the Declination 1s upon the ſame coaſt 
whereon the Suns Az7mmnth 1s. ES. 

2. It the ſhadow fall not between them, then the diffe- 
rence between the diſtance and Azimuth 1s the Plains de- 
clination ; and if the Azimmh be the greater of the two, 
then the Plam declines to the fame Coaft whereon the 
Sun 1s; but if the diſtance be the greater, then the Plain de- 
clines to the contrary Coaſt, 

And here note, that the Declination thus found is al- 
ways accounted from the Soxth, and that all Declinations 
are counted from either South or North,towards either Eaft 
or Weſt, and muſt never exceed go degrees. 

I. It therefore the degrees of declination do exceed go, 


you nuſt take the reſidue of that number to 180, and that 


ſhall be the Plazrs declination from the North. 

2. If the degrees of declination exceed 180, then the ex- 
ceſs above 180 degr. gives the Plains declination from the 
North towards that Coaſt, which is contrary to the Coaſt 
whereon the Sun 1s. Poe: 


> 
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I. Of the Vertical Dialling. © 


CHAP. III. 


How to draw the Hour-lines upon a Vertical (commonly called 
Horizontal) Plain. 


Call this Plain Yertical, becauſe.the Pole thereof is in the 

Zenith or Vertex of the Place, although the Plain it ſelf 
lie in the Plain of the Horizontal Circle. And I not only de- 
nominate this, but all the other Plains following, by that 
part of the Sphere in which the- Poles and: not the Plains 
themſelves lie. But howſoever the Plain be termed, whe- 
ther Vertical or Horizontal, the making of the Dial is ſtill 
the ſame : And may be made in any known Latitude by 
the precepts following. 


Example, Of « Vertical or Horizontal Plain in the Lati- 
tude of London, which is 51 deg. 32 min. 


Firſt, Draw a Circle E $S W N, which Circle let repre= ® 


ſent your Yertical Plain, croſs it in the middle thereof at 
right Angles with the two Dtameters, viz. S Q N, for the 
Meridian, and Hour-line of 12, and E Q W for the Prime 
ertical or Hour-line of 6. 

Secondly, Becauſe the Latitude of the place is 51 deg. 


32-min. take 51 deg. 32.min.out of your Line of Chords, 


and ſet that diſtance from S to 4, and from W to b. 


Thirdly, Lay a Ruler from E to a, and it will cut the- 


Meridian Line SN, in the point P, which point P is the 
Pole of the World: And a Ruler laid from Eto b, will cut 


the Meridian in the point 2, ſo 1s A the point where the 


Aquinoctial crofleth the Meridian 3 and: thus have you 
three points, viz. E, A, and W, through which you muſt 


draw 


of $=; LT 


LITRE 


draw the /EquinoCtial Circle E A W, whoſe centre will 
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A Vertical or Horizontal Dial for the Latitude of 
| London, 51 deg. 32 min. 


A 


"I 


"IL i 


To 


always be 1n the Meridiar Line $ N, Sa that you. may ea- 
fily find it, as hath been before taught, and in this man- 
ner alſo. Draw the Line A W, which divide in two equal 
parts in the point A, :::on which point A, raiſe the per- 
pendicular A C, cutting the Meridian, SN, in the point C, 
which is the centre c* tie Xquinoctial Circle E AW, up- 
on which point, and rhe diitance CZ, you may deſcribe it. 
Te | Fourthly,, 


g8 Geometrical Dialling, 


| Fourthly, Divide the Semicircle E N W, into 12 equal 
parts at the points © -© ©,@&c. beginningatthepoint N,and 
ſetting ſix on either fide thereof. The Semicircle- may ea- 
ſily be divided into 12 parts in this manner 3 for 60 deg, 
of the Line of Chords will divide 1t into three equal parts, 
and 3o deg. will divide each of them into two, that is, in-- 
to 6 equal parts, and 15 deg, is the half thereof, which is 
a twelfth part of the Semicircle. 

Fifthly, Laya Ruler to Q , the centre of the Plain, and 
upon every of theſe points © © ©, and the Ruler will 
cut the AquinoCtial E ZZ W, in the points * * ®, &c. di- 
viding that into I2 unequal parts. | 

Sixthly, A Ruler Jaid to.P, the Pole of the World and 
the ſeveral points * * *, &c. upon the Aquinoctial, will 
cut the Circle repreſenting the plain 1n the points | | |, &c. 
dividing the Semicircle E N W, mto 12 other unequal 
Parts. ++: 
"M Laſtly, From the point Q, and through the ſeveral 
ports |] |, &c. draw ſtrazght Lines, as Q | 7,Q 18,Q J9,&c. 
they {hall all be the true Hour-lines for ſuch a Yertzcal or 
Horizontal Plain. Namely, for twelveof them, that is, from 
Six in the Morning, till Sill Six at Night. 

But for the Hours before, and after Six, that is, for 4. 
and 5 in the Morning, and tor 7 and 8 at Night, they are 
to be drawn by extending the Hour-line of 7 and 8 in the 
Mornivg through the centre Q, and drawing them on the 
other ſide of the Plain, ſo ſhall they be the Hours of 7 and 
3 at Night : ——Alfo the Hour-linesof 4 and 5 in the Eve- 
ning, being drawn through the centre Q , will become the 
Hour-lines of 4-and 5 1n the Morning. 

Fox the Stile of this Dial, take 51 deg. 32 min. the La- 
titude of your place, out of your Line of Chords, and ſet 
them from N to e, upon the Circle of the Plain, fo ſhall a 
Line drawn from Q through e, be the Axis or Stile of the 
'Dzal, which may be a thin plate of Braſs, cut exactly to 
the quantity of the Angle e Q N. 51 deg. 32 min, and ſet 
277M pet- 
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perpendicularly upon the Line of 12, or the Meridian 
S QN, and thus is your Dial finiſhed. 

If into this, or any of the following Dials, you have a 
deſire to inſert the Half Hours and Quarters, you may put 
them in by thevery ſame means,as yon did the whole Hours, 
but then you mult divide the Spaces between every of the 
points ©© into twoequal parts for the Half, and 1nto 4 e- 
qual parts for the Quarters of Hours, and proceed with 
putting on of them 1n all TOES as you did with the whole 
Hours. A 


IT. Of Upright or Ere# Plains, 


CHAP. I V. 


Hoſe Plains are Gid to be Ere&F or Upriels, which 
ſtand perpendicular to the Horizon of the place, 
whoſe- Vertex or upper part tendeth- to the Zenith, and 
their lower part to the Nadir, and ſuch are the Walls of 
Stceples, Churches, Houſes, or the like, againſt which: (for 
the molt part) Dials are made. 

Of theſe Upright or EreF Plains there are two forts, viz... 
Dire® ana Declining. 

Thoſe Ere& or Upright Plains are ſaid to be Direct, 
which do direQly behold either the true Eait, Weſt, North, 
or South points of the Horizon, or whoſe Poles do le di1- 
rectly in either of them, and theſe Plains are called. Erect 
Dirc# Plains, 

Thoſe Ere# or Upright Plains are ſaid to Lenfigg: which 
do not lie in, oz directly behold Any of theſe points, but 


are ſituate-under ſom= other Azz7uth, as South-Eaſt, North- 


Weſt, North-Eaſt, &c. and tare + Plains are called Ered or 
Upright Declining ©iains, Of both: which ſorts I ſhall give 


IL. Of 


you Examples. And 


4.0 Geometrical Dialling, 
I. Of Upright, or Erect Dire& Plains. 
ey 


| How to draw the Honr-lines upon a Dire South Plain. 


Hat Plain 1s called, by me, a Dire@ South Plaiz, which 
lheth in the prime Vertical Circle, or Eaſt and Weſt 
Azimuth, and whoſe Pole is in the South part of the Meri- 
dian, the making whereof ditfereth nothing from that go- 


ing before. Only for the height of the Stile, inſtead of the 
Latitude you mult take the Complement thereof. 


Example, Of a Dire& South Plain, in the Latituele 
of London, 51 deg. 32 min. ON 


Firſt, Draw a Circle Z E W N,*repreſenting an upright 

Dire& South Plain, crofs it at right Angles with the Dia- 
meters Z Q N for the Meridian, or Hour-line of 12, and 
WQ E for the prime Vertical Circle, or Hour-line of Six. 
- Secondly, Out of your Line of Chords take 38 deg. 28 
min. (which is the complement of theLatitude of the place) 
and ſet that diſtance upon the Dial-plain, from Z to a, and 
from E to b,and from N to e. | 

Thirdly, Lay a Ruler from W toa, it will cut the,Meri- 
dian Z N, in the point P, the Pole of the World; anda Ruler 
alſo laid from W to b will cut the Meridian in X, ſo is # 
the point through which the /Zquinoctial muſt paſs; and 
for the drawing of it you have three points given, viz. 
E. &. and W, and the Centre will alwayes be in the Me- 
ridian Line Z N, (extended if need be.) The Centre you 
may find by the Geometrical way taught at the begin- 
ning bf the Book. Or thus, draw the Line E X, anddivide 


it 


- Ke x Ig. T V . 
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An EreF Dire® South Plain. 


* 
9 
S 
bu 
a 


5 
| 


| 


© 6 57 = 
it in two equal parts in A, upon A ered the perpendicular 
AC, extending it till that and the Meridian Line concur in 
G, ſo 8G thecentreof the Aquinottial Cucle E A W.. 


G Fourthly, 


Fr Geometrical Dialling? 
Fourthly, Divide the Semicrcle EN W into 12 equal 
parts, at the potnts © © ©, e*c. 
Fifthly, lay a Ruler to Q, and each of theſe points 
© © ©, and the Ruler will croſs the AquinoGtiat Circle 


in the points * * *, ec. dividing that into 12 uncqual 
parts. 


Sixthly, Lay a Ruler to P, ( the Pole of the World) 


and every of the marks ***, &c. and the Ruler will 
croſs the circle of the Plain m the points | ] |, &c. 

Laſtly, If through the Centre Q,, and the reſpective 
points | |] ], &c. You draw Right Lines, they ſhall be the 
true Hour Lines of an Ere&# Dzre& South Plaiy. 


For the Stile, take 38 deg. 28 min. the complement of 


the Latitude of your Place, out of the Line of Chords, 
and ſet them from N to e, drawing the Line Q e for the 
Axis of the Stile, which muſt hang dire&ly over the Me- 
ridian, or -Hour-line of 12, and muſt point downwards 
towards the South Pole, betauſe the Plain beholds the 
South pattof the Meridran. 


In making this Dial you have made two Dials, for the 


Ere# DireF North Dial is but the back-fide of the South, 
tt lying in the ſame Prime Vertical Circle, only as this be- 
holdeth the South part of the Meridian,and hath the South 
Pole L above it,” the other bcholdeth the North 
part of the Meridian, and hath the North Pole elevated 
above it, and as the Meridian Line Z Q N in the South 


Dial +> tags on the 12 a Clock Hour-line at Noon, the. 


back-ſide thereof (namely the North fide) repreſenteth 
the Hour-line of 12 at Midnight, and therefore is not ex- 
prefled, neither the Hour-lines of 9, 1o, 11 at Night, or 
of 1, 2, 3 in the Morning, the Sun tousnever being above 
the Hotizon at thoſe Hours : wherefore the North Dial is 
only capable of recerving theſe Hours, namely, 4, 5, 5, 7 
and 8 1n.the Morning, and of 4, 5, 6, 7, and at Night, 
and (in this Latitude) not of all them neither ; for it will 
never ſhine upon this Plain at 8 in the Mornjog, nor at 
4 1 
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An Ere# Dire North Plain, 


4 in the Afternoon, but it is beſt to put them on, as in 
the Figure above, that thereby you may know how mucty 
It 1s pit 7 1n the Morning, and how much it wants of 5 in 
the Afternoon. 
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CHAP. VI. 


R How to draw the Hour-lines upon an EreQ, Direc, Eaſt, 
bi or Weſt Plzin. 


| Br: that an Eaſt or Weſt Plain, which lies in the Me- 
£ ridian of the -place, and whoſe Poles lie in the prime 

'=® Vertical Circle, or Azi#-uth of Eaſt or Veſt. 
| Now foraſmuch as the Plain lieth in the very Meridian 
Cucle, in which alſo the two Poles of the World are 
| 4-42 ſkated, 
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ſeated, the Plain muſt neceſſarily paſs through both theſe 
Poles,and fo neither of them can have any Elevation above 
it ; wherefore the Hour-lines in theſe Dials muſt be paral- 


Jel to one another, and conſequently parallel to the Axis 
of the World. And the Dial muft have no Centre: How- 
ever the Dial may be drawn as followeth. 


Example, Of an Eaſt Dire& Dial, in the Latitude 
of London 51 deg. 32 min. 


Let A BCD, be a Dial plain, upon which you would 
draw a Dire# Eaft Dial, upon the point D, if it be an Eaſt 
Dial; or upon the point C, if it be a Weſt Dial; with the 


An EreF, Dire@, Eaſt Dial. 
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eſcribe an 
abſcure Arch ofa Circle E F, then from your __ tabs 
39 AEg. 


2924 


R EEe 


Geometrical Dialling. 4s 


38 deg. 28 m.the Complement of the latitude of the place, 

(which is alſo the height or elevation of the AquinoQtial 
and ſet them from E to F,, and draw the line DF quite 
through the Plain. Then, that you may proportion your 
ſtile to your Plain, ſo that you may bring on all the hours 
from Sun Riſing to 11 a Clock, aſſume two points in the 
Line F D, one towards the end D (as the point G) for the 
Hour-line of 11, and another at H, for the Hour-line of 6, 
and through the points G and H, draw the lines 11 G 11, 
and 6 H6, perpendicular to the Aquinoctial Line D F. 
This done, upon the point G, with 60 deg. of the Line 
of Chords, deſcribe an obſcure Arch of a Circle I K, and 
ſet thereon 15 deg. of your Line of Chords from I to K, 
and draw the Line G K,to cut-theLine 6 H 6 1n the point L, 
ſo ſhall LH be the height of the» perpenaicular ſtile pro- 
portioned to this Plain. 

Now for the drawing of the Hour-]mes, ſet one foot of 
the Compaſles (opened to,60 deg. of the Chord) in L,and 
with the other deſcribe the Arch of a Cirdle MN, betwixt 
the Hour-line of 6, and'the Line G L. Which divide into 
5 equal parts in the points © © © © ©,and a Ruler laid 
from the point L to each of-theſe-points © © ©, e>c. will 
cut the Aquinoctial Line H D, in the points * ** * ®, 
through which points draw lines parallel to 6 H 6, as the 
Lines 7 * 7, 8 *8, e*c. and they ſhall be the true Hour- 
lines of an Eaſt Plain from 6 1n the Morning, till 1x be- 
fore noon, but for the Hours of 4 and 5 in the Morning, 
you may put them on by ſetting the ſame diſtances upon 
the Aquinoctial Line before 6, as there is from 6 to 7 and 
8, after 6 ; and through thoſe points draw the Hour-lines 
of 4 and 5, parallel to the Hour of 6, as you ſee done in 
the Figure. S: 

Thus is your Dial fintſhed, and inthe making of it you 
have made two Dials, namely a }/ej# Dial as well as an 
Eaſt, for it is the ſame 11 ail reſpe.cs. Only whereas the 
Arch E F, through which the /Zquinoctial paſleth in A 
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Eaſt Dial, was drawn on the right hand of *the Plain, in 
the Welt it muſt be drawn on the left hand, and the Hour- 
lines of 4, 5, 6, 7, 8, 9, 10, and Il, in the Forenoon on 
the Eaſt Dial, muſt be 8, 7, 6, 5, 4, 3, 2 and I in the Af 
ternoon, upon the Welt Dial, as in the Figure appeareth, 

. An Ere#, Dire, Weſt Dial. 


a... FY 4 
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The Stile of the Eaſt or Weſt Dials, may be either a 
{trait Pin of the juſt length of the Line H O, which is 
equal to H Lin the Eaſt Dial, fixed in the point H, upon 
the Hour-line of 6, and exadtly perpendicular to the Plain, 
ſhewing the Hours by the ſhadow of the Apex, or very 
top thereof. 

Or, it may be a Plate of Braſs of the ſame breadth with 
the diſtance between the Hour-lines of 6 and 3, which 
Plate mult be ſet perpendicular upon the Honr-lme of Six, 
and ſo 1t will ſhew the Hour by the ſhadow of the upper 
edge thereot, as 1n this Weſt Dial. - 

Thefe five Dials here deſcribed, 27z. the Vertical, the 
90uth, North, Eaſt, and Weſt Erect, Direct, may be made up- 
w. a _ cut {quarein formot a Die, which Body is called 
aA LUDC. 
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I I. Of Upright Declining Plains. 


CHAP. VIL 


How to draw the Hour-lines upon a South or North Ere& 
Plain, Declining ezther Eaft or Weft. 


He Upright or Erect Plains, that we have hitherto 
treated of, are ſuch as did directly behold the four 
Cardinal or Principal Points of the Horizon; namely, the 
Eaſt, Weſt, North and South Points. All other Upright 
Plains are ſaid to declize, and their Declination is counted 
from theEaſt ar Welt, towards either North or South,and 
theſ2 Plains are called South or North Erect Plains decli- 


ning Eaſt or Weſt. 


Before the Hour-lines can be drawn upon any of theſe 
Plains, two things muſt be given, and three other things 
muſt be found — — 


The Things given muſs be, 


7. The Latitude of the Place. 
2. The Declination of the Plain. 


The Things required are, 


x. The height of the Pole (or Stile) above the Plain. 
2. The diſtance of the Szſtile from the Meridian, or 12 
a Clock Hour-line. 


3. The Plains Difference of Longituds. 


For the finding of thefe, we mult projet uporr the 
Plain ſuch Circles of the Sphere (in their true poſttions ) 
as are requiſite for the finding of them, and thoſe Circles 
are, the Horizon, the Meridiar, and the AqumodGiat: 
which I ſhall ſhew how to performby giving an 

Example 
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Example of a South Erect Plain,declining Weſtward'24 deg, 
20 min. in the Latitude of London 51 deg. 32 min, 


a. Me. 
DE Latitude of the Place 51 32 
* © TDeclination South Welt 24 20 
m a. mM. 
| Diſtance of the Subſtile from the Merid. 18 8 
QuaſtagHe ghtof the Pole(or Stile above the Plain 34 33 
k Plainsdifterence of Longitude 30 OO 


To find which, 


Firſt, Deſcribe the Circle Z H N O, repreſenting the 
declining Plain, croſs it at right Angles, with the two 
Diameters ZQ N, and H Q ©, the point Z repreſenting 
the Zenith, and N the Nadir, and the line Z Q N, the 
Vertical or perpendicular-line of the Plain (and Hour-line 
of 12 ) and the Lme HQ O, is the Horizontal Line 
thereof. | 

Secondly, Becauſe the Plain declines 24 deg. 20 min. 
fiom the South Weſtward, ſet 24 deg. 20 min. from N to a, 
and from O to c. Then lay a Ruler from Z to a, and it 
will cut the Horizontal Line HQ Ons, fo is S the 
South point of the Horizon, through which the Mer;- 
| dian muſt be drawn, and for the drawing of it you 
have three points, viz. Z S and N, and the Centre will 
always be in the Horizontal Line H Q O, extended if 
need be. Which Centre may be found Geometrically , 
as is formerly taught, or thus - Draw *the right Line 
Z S, which divide 1n two equal parts in O, RG. upon O 
ere& the Perpendicular O G, extending it, till that and 
the Horizontal Line do interſeCt ; for the point of inter- 
ſeftion ſhall be the Centre of the Meridian. Then lay a 
Ruler from Z toc, and it will cut the Horizoz in W, the 
Welt point thereof. 

Ar 
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An Upright Plain Declining from the South Weſt- 
ward 24. deg. 20 min. 
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Thirdly, Having drawn the Meridian and the Horizor, 

take 51 deg. 32 min. out of your Line, of Chords, and ſet 

them upon your Plain, from H to B, and from N to 4. 

Fourthly, Lay a Ruler upon W, the Welt point of the 
Horizon, (which 1s alſo the Pole of the Meridian) to b, 
and it will cut the Meridiaz in the point P, fo ſhall P be 
the Pole of the World, through which point P, and Q (the 
Pole of the Plain ) draw the ſtraight Line BP QD, repre- 
ſenting the Axzs of the Worle, and the Subſtilar Lins of 
the Dial. 

Fifthly, Lay a Ruler from W to d, andit will croſs the 
Meridian 1n the point 2, fo 1s A one point in the Merz- 
dian, through which the Equinochal muſt paſs : And the 
point W in the Horizon 1s another. So have you two points 
within the "Circle, by which to draw the Zquinottial 
which you may do Geometrically, as is before taught, Or 
you may tind 1t thus, the Centre of the AquinoGtial will 
always be,in the Axis of the World, and therefore in the 
Lin®BPQD. Now to find'the point, draw the Line 
W, which divide in two equal parts 1n the point z, upon 2: 
erect a perpendicular, till 1t cut the Axis of the World, EX= 
tended in ze. So is #x the Centre"of the AKquinoGial, up- 
on which point you may deſcribe it. And thus have you 
drawn upon your Plain all the three Circles required, vis. 
the Horizon, Meridian, and the Aquino#ial ; by which may 
be found the three Requiſites belonging to this Plain, 
For, 

1. To find the height of the Pole above the Plain, repreſented 
in the Scheme b the the Line PB. Lay a Ruler to G, 
where the #, inoial cuts the Plain, and to P the 
Pole of the Werld.the Ruler will cut the Plain on the 
oppolite f1de 1n the point v. So the diſtance from B 
tov, meaſured upon the Line of Chords,will be found 
to contain 34 deg. 33 min. The height of the Pole 
above the Plain. 


2. To find the diſtance of the Subſtile from the Meridian, 


repre- 
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repreſented in the Schemeby the Arches L B,or N D. Take 
in your Compaſlles the diſtance Z B, or ND, and you 
{hall find either of them equal to 18 deg. 8 mjn. and 
_ is the diſtance of the Subſtile from the Me- 
T1G1AN, 

3. 1o find the Plains difference of Longitude, repreſented in 
the Scheme by the Angle X& P K. Lay a Ruler from P 
to /E, it will cut the Plain in'x, fo the diſtance be- 
tween D and x, meaſured upon the Line of Chords, 
will be 3o deg. And ſuch is the Plains difference of 
Longitude. 

Lafily, Theſe Requilites being obtained, we come to the 


- drawing of the Hours ; to effe& which, lay a Ruler to P, 


the Pole of the World, and , the Interſe&ion of the /t- - 
quinoGial with the Meridian, and it will cut the Plain 1n 
the point x,—— At this point x begin to divide the Semi- 
circle L xG, into 12 equal parts, at the point © © ©, &c. 
Then laying a Ruler to.Q, and every of theſe points 
© '© © Ce. 1t will cut the /EquinoGial Circle, dividing 
that into 12 unequal parts in the points * ***, &c. 
Again,a Ruler laid to P, and every of theſe unequal parts 
* * * * @*c. will divide the Plain into 12 unequal parts 
in the points] |.] | &#c. ----- Lay a Ruler to Q , andeve- 
ry of theſe points Þ | ], ec. drawing lines by the fide 
thereof,and they {hall be the true Hour-lines proper to ſuch 
a Declining Plain. 

Thus have you finiſhed the Hour-lines, the Subſtilar- 
line, (or theline upon which the Stile muſt ſtand) 1s the 
lne Q D. falling (in this Dial) juſt upon the Hour-line of 
2 in the Afternoon, becaufe the Plain declined Weſtward. 
The Angle of the Stile is D Q R,containing 34 deg. 33 m. 
and muſt be etther of Plate or Wire brought to ſuch an 
Ample, and muſt ſtand perpendicular to the lain, and 
diretly over the Subſttlar Q D. 

Now have you finiſhed your Dial, and in ſo doing you 
have in this one made four Dials, viz. 

H 2 A South 
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South declining Weſt e 

outh declining Eaſt d. 2. 
North declining Weſt ( 24 20 
North declining Eaſt 


A 


which we have now deſcribed, the Stile ſtands upon the 
hour of 2 in the Afternoon 3 1n the South Eaſt declining as 


much, it will ſtand upon the Hour-line of 10 before-noon. 


And ſo all the morning hours of the Weſt-decliner will be 
the Afternoon hours of the Eaft decliner; and the Afﬀer- 
noon hours of the Weſt decliner, will be Morning Hours 


The Four Upright Declining Dialc. 
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Only placing of the numbers of the hours and the Stile 
reſpectively upon each Plain. For in the South Weſt Phain,p- 
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of the Eaſt decliner : And fo the South decliner will pro- 


© duce the North Weſt decliner; and the South Weſt decli- 


ner, the North Eaſt decliner, by only extending the 
Hour-lines, Stile andSubſtile quite through the Centre. And 
that there my yet remain no doubt, I have drawn all the 
four Dials in one, by which you may plainly ſee that there 
1s no difference between them, but what hath been already 
intimated. | | | - 

By this Figure you may plainly ſee,how that one Dial is 
the Product of all theſe four, by obſerving the cautions 
before delivered. So that it may ſeem ſuperfluous to ſay 
any more concerning theſe upright declining Dials. Only 
before I leave them, I will (becauſe theſe Dials are moſt in 
uſe) give you one other Example of arr upright declining 
Plain, which by reaſon of its great declination from the 
Prime Vertical, or its Poles-great deviation from the Me- 


_ ridian,cauſeth the Pole to have but ſmall Elevation, where- 


fore the Dial (as all ſuch like) muſt be drawn without a 
Centre, by the directions following, 
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CHAP. VII. 


How to draw the Hour-lines «pon QUprieht far Declining 
Plains, which by reaſon of the ſmall Elevation, which the 
Pole hath ozer ſuch Plains, the Hours (if they be drawn from 


a C entre\cannot be of any competent diſtance one from another. 


"Mole Plains which lie near to the Meridian Circle, . 
and whoſe Poles(confſequently near the prime Ver- 
tical Circle, or Azimuth of Eaſt or Weſt; the Pole hath 
but ſmall Elevation above ſuch Plains, ſo that the Hour- 
lines (eſpecially thoſe of them which fall near to the Sub- 
ſtile) from the Centre, cannot be drawn at any competent 
diſtance, without a large extention of them. To remedy 
wich inconvenience, you may draw the: Hour-lines for 
fuzh a Plain at a convenient diſtance, and in a.little room, 

without. 
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without any regard had to the Centre. But before you 
proceed to draw the Dial, you mult firſt find the three 
requiſites mentioned in the laſt Chapter, viz, 

1. The height of the Pole above the Plain. 

2. The diſtance of the Subſtile from the Meridian. 

2. The Plains difference of Longitude. 


Example of an Upright South Plain, declining Eaſtward 
80 deg. in the Latitude of London 51 deg. 32 mir. 


To find theſe Requiſites. 
Firſt, Draw the Circle ZH NO, crofling it with the 


diameters Z, N, the perpendicular, and H O, the Hori- 
zontal Line of the Plain. 
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Secondly, Becauſe the Plain declineth 8c deg. Eaſtward 
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ſet 80 deg, from N to4, and from H to 6. 
Thirdh, 
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Thirdly, Lay a Ruler to Z and a, it will cut the Hori-. 
z0n in S, the South point thereof, and a Ruler laid ro 
Z and b, will cut the Horizon in E, the Eaſt point thereof; 

Fourthly, Having the three points Z S and N, through 
them draw the Meridian Z S N, whoſe Centre (by any of 
the ways before taught) will be found to be at z2. 

Fifthly, Out-of your Line of Chords take 5 1 dep. 32 m. 
the Latitude, and ſet them from Oto c, and from N to 4. 
Then laying a Ruler from E to c, 1t will cut the Merzd- 
an 11 P the Pole of the World; through which point P 
and Q , the Centre of the Plain, draw the right line PQ B, 
for the Axis of the World. Alſo, the Ruler laid from E 
to d, will cut the Meridian in X, fo 1s & one point in the 
Meridian, through which the Aquinoctial muſt paſs, and 
R 1s another point in the Meridian (extended) without 
the Circle, and a third point 1s E, the Eaſt point of the Ho- 
rizon. Now foraſmuch as theſe three points R E £, 
through which the A9quinoGial 1s to be drawn, are almoſt 
in a ſtrait line, ſo that the Centre of it will be at a very 
oreat diſtance, we will forbear deſcribing of that Circle, 
and content our ſelves that we have fonnd the points RE 
A, through which it ſhould paſs; becauſe we ſhall draw 
the Hour-lines in this and the like caſes by other means,and 
therefore I ſhall proceed to find the other Requiittes. And, 


1. To find the height of the Pole above.the Plain repreſen- 
ted by P C. —— Takego deg. of your Lineof Chords, 
and (et them from c to e, a Ruler laid to eand P, will 
cut the plain in o,ſo is O C the height of the Pole (or 
Stile) above the plain, viz. 6 deg. 12 min. 

2. To find the diſtance of the Subſtile from the Meridian, 
reprefented by B Nor & c. —— Take the diſtance 

_ BN or Z C(which is equal thereto) in your Com- 
paſſes, and'meafure it upon your Line of Chords, fo- 

you fhall find it ta contain 38 deg. 4 min. which 1s- 

-  diftance of the Subſtile from the Meridjay.. _ 
Es 3. L0- 
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An Ered# Sonth Plain Declining Eaſtward 80 deg. 
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3. To find the Plains difference of Longitude, repreſented 
by the Angle & Þ LE, Lay a Ruler upon P 
and A, 1t will cut the Plain in g, the diſtance g B, 
meaſured 
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meafured upon the Line of Chords, will contain 82 d. 
8 min. the Plains difference of Longitude. 


Theſe three Requiſites being thus found, I will now 


proceed to draw the Dial without any regard had to the 


Centre. 
How to draw the Hour-lines upon the Plain. 


Firſt, Draw a right line A B, for the perpendicular 
line of your Plain, and upon A as a Centre, with 60 deg. 
or the Radius of your Chord,deſcribe an obſcure Arch of a 
Circle CD E, and thereon from C to D, ſet 38 deg. 4m. 
the Subſtiles diſtance from the Meridian before found, and 
draw the Line A D for the Subſtile, quite through the 
Plain. 

Secondly, Take 6 deg. 12 min. the height of the Pole 
above the Plain from your Chord, and fet them upon the 
ſame Arch fromD to E,and draw the line AE forthe Stile. 

Thirdly, Foraſmuch as the Stile A E 1n this caſe is but of 
{mall Elevation, viz. but 6 deg. 12 min. Draw the line 
GH parallel to A E, at ſuch convenient diſtance, as you 
ſhall think fit, for your new (or augmented) $ile, to ſtand 
from your Subſtile A D. 

Fourthly, Aſſume any two points in the Subſtile A D, as 
R and S, and through theſe two points draw two infinite 
right Lines, both of them at right Angles to the Subſtilar 
{line A D, as thelines Z Z, and X X. 

Fifthly, From the point R, take with your Compaſſes 
the lealt diſtance to the new augmented Stile G H, and ſer 
that diſtance upon the Subſtilar line, from R to K: Allo, 
from the point S, take the leaſt diſtance to the new Stile 
GH, and ſet that diſtance alſo upon the Subſtilar line from 
S to L. 

Szxthly, Upon the two points K and L (as upon two 
Centres)with 60 deg. or the Radius of the.Line of Chords, 
deſcribe two portions of Circles, and in either of them ſet 


I off 
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off 82 deg. 8 min. the Plains difference of Longitude, as from 
S to M, and from R to M,both on the ſame ſide of the Sub- 
{tiJar line, on which the perpendicular line of the Plain 
A B was drawn. 


Seventhly, Divide either of the Semicircles laſt drawn, 


Into 12 equal parts, at the points © © ©, &«. beginning . 


this divilion 1n either of them, at the point M. 
Eightly, Lay a Ruler to the point L, and every of the 


diviſions © © ©, &&c. and the Ruler will cut the Con- 


tingent or /EquinoGial line X XK, in the points * * *, exc, 
Alſo a Ruler laid to K, and each of the points © © ©, e*c. 
will cut the other Contingent ZZ, inthe points ** *, exc. 

Laſtly, Lines drawn from the point * in one Contingent 
line, to the point*inthe other Contingent line, eachto his 
correſpondent (which the Subſtilar line will direct you how 


to do) thoſe linesſhall be the true Hour-lines belonging to- 


ſuch a declining Plain, and be drawn as in the Figure you 
fee done, at a competent diſtance one from another, with- 
out any relation had at all to the Centre of the Dial. 

Thus have'you finiſhed your Dial, and in the making of 
this, you have made a South declining Welt 80 deg. allo; 
for if you turn the Paper, and look through it, it will on 
the back-ſide be a South declining Weſt 8o deg. only the 
Forenoon hours in this, muſt be the Afternoon hours in 
that: Nay,in rigour, you have in this one Dial made four, 
viz. a North declining either Eaſt or Weſt, if you well 
obſerve what was ſaid and done in the laſt Chapter. 

And thus have I done with all Opright, or Ere&# Plains, 
either DireF or Declining. I (hall now proceed to ſhew 
you how to inſcribe Hour-lines upon fuch Plains as 
are not Upright, but Reclize from the Zenith, and of 


them there are ſuch as are Djre&, and ſuch as do De- 
cline. 
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Geometrical Diallinp. 5g 
I II. Of Reclining Plains, 
CHAP.IX. 


S in Upright Plains there were two Varieties, viz. 
Ere® Dire@, and Ere# Declining. So are there of 
Reclining Plains allo. For ſuch Reclining Plains as do di- 
retly behold either the true Eaſt, Weſt, North or South 
poifts of the Heavens, that is, whoſe Poles lie, either inthe 
Meridian, or Prime Vertical Circle of the place, are called 
Dire# Reclining Plains. 

Again, Thoſe Keclining Plains, which do not diredly 
lie 1n or their Poles be not in the Prime Vertical or Mer:- 
dian Circles ot the place, but deviate therefrom, are called 
Declining Reclining Plains, Of both which ſorts I ſhall 
ove you an account, and the manner of inſcribing Hour- 
lines upon them, for 1n theſe Plains there is far more varie- 
ty, than there was in Opright or Ere& Plains. 


—_—_—_ 
—— 


Ot Dire& Reclining Plains, &c. 
. Of Eaſt ad Weſt Recliners. 
CHAP. X. 


How to draw the Hour-lines upon a Dire& Eaſt or Weſt 
Reclining or Inclining Plazz. 


S in Upright Declining Dials, Twothings muſt be iven, 
and Three things muſt be found, before the Hoxr-lines 
could be drawn. In theſe direct Reclining Plains Two 
things muſt alſo be given, and Three muſt be found, before 

the Dial can be made. 
I 2 The 


Geometrical Dialling. 
The Things that muſt be given are, 


1. The Latitude of the Place. 

2. The Reclination of the Plain. 

The Reclination of aPlain(as hath been before declared) 
is the Arch of an Azimuth or Vertical Circle, intercepted 

' between the Zenith of the place, and the Reclizing: Plain. 


60 


Example, Of an Eaſt or Weſt Plain, Reclining 35 deg. iz 
the Latitude of London 51 deg. 32 min. 


d. 1m. 
"Thiba "Latitude of the Place $132 
, T Reclination of the Plain 35 ©0 


«The height of the Pole above the Plain. 
uzlita IThe diſtance of the Subſtile from: the Meridian. 
,Fhe Plains difference of Longitude. 

Firſe, Draw the Circle N ES R, repreſenting the Re- 
clining Plain, and croſs it with the two Diameters N Q S, 
the Horizontal Line of the Plain, and Hour-line of 12 a 
Clock, and E Q R for the Prime Vertical Circle. 

Secondly, Becauſe the Plain reclines 35 deg. take 35 deg. 
out af. your Eine of Chords, and ſet them from E to a, and 
from N to b. 

Thirdly, Lay a Ruler from $ to a, and it will cut the 
prime Vertical Circle in Z,ſois Z the Zenith of the place---- 
Alſo a Ruler laid from $ to-b, will cut the ſame Vertical 
Circle in W,by which point the Horizon of the place muſt 
be drawn. 

Fourthly,The-points Zand W'being found, you havethree 
points through which you mult deſcribe the Meridia. vis. 
N ZandS; and as many alſo through which you muſt draw 
the Horizon,namely, N Wand S. The Centres of both which 
Circles will fallin the Line E QR C(extendedifneed be) and 


the manner how to find them hath beenoftenenoughalready 


taught, Fift hly , 


ee Oe 
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Eaſt and Weſt Inclining. 
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Fifthly, Becauſe the Latitude of- the place 1s 51-deg-' 
22 min. Take 51 dep. 32 min. from your Line of Chords, 
and ſet themupoi: your Flain from S to c. Then Jaya Ru- 
ler upon W the Weſt point of the Horizon, and the pointc, 
the Ruler will croſs the Meridian Circle in P the Pole of 
the World; through. which point P and Q., the es 
| "Or. 
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(or pole of the Plain) draw the right line PQ, which 
ſhall be the Axis of the World, and Subſtilar Line of your 
Dial. 

Sixthly, Take 9o deg. of your Line of Chords, and ſet 
them upon the Circle of your Plain from c to d, then lay 
a Ruler from W to d, and it will cut the Meridian Circle 
in A, ſo is X one point in the Meridian, through which 
the quinoGial Circle muſt be drawn, and W the Weſt 
point of the Horizon is another; ſo have you two points 
within the Circle, through which you muſt deſcribe the 
* fEquin«Gial Circle, whoſe Centre will beinthe Line PQ, 
the Axis of the World, (extended if need be) the manner 
how to find it hath been already taught ſeveral ways. 

Having thus projeted the Meridian, Horizon and E- 
quinoGial, you may find the three Requilites, as follow- 
eth. 

I. To find theheight of the Pole above the PlainP k, Lay a 
Ruler to gand P, it will cut the Plain on the oppo- 
ſite {ide in þ; fo k þ meaſured upon the Chords, will 
be 26 deg. 41 min. The height of the Pole above the 
Plain. 

2. To find the diſtance of the Subſtile from the Meridian 
Sk, Take S k in your Compaſlles, and meaſure it 
upon the Chord, 1t will be found 45 deg. 52 min. 
The diſtance of the Subſtile from the Meridian. 

3. To find the Plains difference of Longitude, PQ. A 
Ruler laid from P to A, will cut the Plain in e, the 
diſtance from O the Subſttile,to e, will contain 66 deg. 

' 27 min. of the Chord, which is The Plains difference 
of Longitude. 

Theſe Regquiſztes being obtained, you may proceed to 
find the Hour diſtances upon the Plain in this manner. 

Seventhly, Lay a Ruler to P the Pole, and the inter- 


 ſeQtion of the Meridian with the /EquinoGial, and it will 


cut the Plain ine. Ate begin todivide the Semicircle into 12 
equal parts, at the points © © © @*c. 
Ezghtly, 
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Eightly, Lay a Ruler to Q, and the ſeveral points 

© © © exc. and it will cut the Aquirodial Circle jn 

the points * * * ec. dividing that into 12 equal parts, 

Niznthly, Lay a Ruler to P,and the ſeveral vouns** * &&+c. 
and 1t will cut the Plainin the points | | ] @*c. 

Laſtly, If from the Centre Q , you draw right Lines 
through the points | | ec. they {hall be the true Houwut- 
lines belonging to your Reclining Plain. 

And thus have you fiiniſhed your Dial, and alfo in it 
Four Dials: For the Dial as 1t ſtands here 1n the Scheme, 
15 properly an Eaſt and Welt Incliner, but being turned 
uplide down, as you fee the hours numbred, and the word 
Zenith ſtanding upwards, it is an Eaſ# Recliner 5. and if 
the Hour-lines be turned (or ſuppoſed to ſtand) on the 
right hand of the Prime Vertical Line EQ R, as in this 
Scheme they do on the left hand,and the hours of 4,5,6, &c. 
in the Morning, changed to 8, 7, 6, &c. in the Evening, 
the Plain is then a Weſt Recliner. And it the Hour-lines 
be drawn through the Centre of cither of them, the Plains 
then be come Eaſt and Weſt Izclizers; the hours and Sub- 
ſtile all retaining the ſameplace,only the denominations of 
the Hours changed, @c. you mult remember, that in all 
Eaſt and Weſt Recliners, the North Pole 1s elevated, and: 
in all Incliners (oppoſite to them) the South Pole. 


I I. Of South Recliners. 
CHAP. XL 


How to draw the Hour-lines po Dire# South Re- 
clining or Inclining Plains. 


N the Eaſt and Weſt Recliningand Inclining Plains, be- 
fore deſcribed, the Meridian, or 12 a Clock Hour-line, 
did lie in the Horizontal Line of the Plain, and the oe. 
7 thereof: 
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thereof in the Prize Vertical Circle. So (on the contra- 
ry )in theſe South and North Recliningand Inclining Plains, 
their Horizontal line lieth in the Prime Vertical Circle, or 
hour of 6, and their Poles in the Meridiay, and from hence 
they receive their denomination. | 

Of theſe Direc Reclining Plains there are S7x Laretzes, 
vtz. three of South Recliners, and as many of North Re- 
cliners. For, 

1. The South Plain may Recline, ſo as it may juſt 
fall in the Axis of the World, and ſo paſs through the 
Poles:of the World, and then it 1s called an /EquinoGial 
Plain, becauſe the poles thereof lie in the /EquinoGial 
Circle, and neither of the poles have any Elevation above 
it, wherefore the Hour-lines muſt be all parallel one to 
the other, and all of them to the Axisof the World,and the 
Dial muſt be drawn as the Erect Direct Eaſt or Weſt Dials 
were. Only, whereas the Stile {ſtood upon the Hour-line 
of 6 in the Eaſt and Wet, in theſe plains it muſt ſtand up- 
the Hour-line of 12, and be of equal height with the di- 
ſtance between the hours of 12 and 9, or 12 and 3, which 
are equidiſtant from the Meridian. 

2. Or Secondly, The South Plain may ſo Recline, that 
it -may fall between the Zenith and the North Pole, and 
then is the South Pole elevated above ſuch a Plain. Or, 

3. The North Plain may ſo Recline, that it may fall be- 


tween the Horizon and the North Pole, and then is the 
North Pole Elevated. 


\ 


Examples of theſe three Varieties of South Reclining 
4 Plains do here follow. 


The 
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The Firſt Variety. 


CHAP. XII. 


How to draw the Hour-lines upon an Fquinoial Plain, 
Reclining juſt to the Pole. 


CUppoſe a South plain ſhould Recline 38 deg. 28 minc 
in the Latitude of Loxdoz 51 deg. 32 min. 
Firſt, Draw the Circle WP E R, repreſenting your 
Reclining plain, and croſs it with the two Diameters P Z 
SR, for the Meridian, and W Q E, the Horizontal line 
of the plain. | 


Secondly, Becauſe the plain Reclines 38 deg. 28 min. 
take 38 deg. 28 min. out of your Chord, and ſet them from 
P toa, and from E to b. 

Thirdly, Lay a Ruler from W to a, it will cut the Me- 
ridian in Z, ſo isZ the Zenith of the place, through which 
point, and the points W and E ( the Weſt and Eaſt 


| apc of the Horizon ) draw the prime Vertical Circle 
tWsE 


K Fourthly, 
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Fourthly, Lay a Ruler from W to 6, and it will cut the 
Meridian 1n S, through the points W $ and E, draw the 
Horizon of the place WS E. 

Fifthly, Becauſe the Latitude of the place 1s 51 deg. 32 
min. ſet 51 deg. 32 min. upon your plain fromE to a, and 
it will cut the Meridia» P Q R, in the-point Z the Zenith, | 
then (becauſe the pole of the World is removed from the 
Zenith, (always) ſo much as is the Complement of the La- 
titude, which here im this Example is 38 deg. 28 min. )take 
therefore this diſtance 38 deg. 28 min. and ſet it upon 
your plain from a, and you thal] find, that the Compaſs- 
point will diredtly fall in the point P, which 1s the Pole 
of the World and is the very place where the Reclining 
Plain, and the Meridian of the place do interſe&, which 
clearly demonſtrates,that the Pole hath no Elevation above 
this Plain, and by this means, the Line W Q E, becomes 
to be the 2} quino&i#l,” and ia ſtrait Line, wherefore the 
Hour-lines ry all pazalle] one td. the other, and all 
of them to the Axis gfe POS ane the Dial muſt be 
drawn 1n this apiier. 


To Hr the Hourcines upon the Plain. 


» v4 


Firſt, Dra he Right Line A B, for the Horizontal 
Line of the Pl:fn, and croſs it about the middle thereof 
at Right Angles, with the Line I2Q 12 for the Meridian | 
and Hour-line of 12. © 

Secondly, Upon the Line15 Q 12, either above or be- 
low Q, aſſume any point, as S, and ſetting one foot of 
your Compaſlles therein (it being opened to the Radius of 
your Line of Chords) deſcribe the Semicircle C D E, which: 
divide into 12 equal parts, beginning at D. 

 Thirdly,Lay a Ruler to S,and the ſeveral points © © © 
&-c. and it will croſs the JEquingial Line A B, in the 
points 1 

Laſt, Through theſe points * * * exc.draw Right Low 
a 
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all parallel to the Line 12 Q_12, and fo is your Dial 
finiſhed. 


A Dire FEquinoGial Dial. 


———_— — 
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The Stile may be either a ſtrait Pin, of the length of 
the line Q S, ſet perpendicular to the Plain upon the point 
Q ; the ſhadow of the top thereof only giving the Hour. 
Or it may be a plate. of the breadth of the diſtance that 
is between the Hour-lines of 12 and 3, or 12 and 9g. and 
then will the ſhadow of the upper edge thereof, give the 
hour of the day. 


Lead 


T be Second F ariety. 


CHAP. XIL 


How to draw the Hour-lines upon a Direct South Reclining 
Plain, which falls between the Zenith and the Pole. 


Let the Example be ofa South” Plain Reclining 25 d. 
in the Latitude of Loydox 51 deg. 32 min. 


F-l/, Draw the Circle W D ER, repreſenting your 
S Reclining Plain,croſs it with the two Diameters VB, 
K 2 or 
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for the Meridian and Hour-line of 12, and WE, for the 
Horizontal line of the Plain, and Hour-line of Six. 

Secondly, Take 25 deg. the Plains Reclination, out of 
your Line of Chords, and ſet that Diſtance from D to a, 
and from Etob. 

Thirdly, A Ruler laid from W to a, will give Z the Ze- 
nith of the place; and a Ruler laid from W to b, will give 
S the South point of the Horizoz ; both which Circles 
W ZE, the Prime Vertical and W R E the Horizon, may 
be drawn, as hath often enough already been (hewn,thetr 


Centres being always in the Meridian Line N Q R, exten- 
ded if need require. 


Fourthly, Becauſe the Pole of the World is always di- 
ftant from the Zerith, the Complement of the Latitude of 
| | the 


Geometrical Dialling. 69 


the place, viz. here at London, 38 deg. 28 min, Take 
(therefore) 38 deg. 283 min. out of your Line of Chords, 
and ſet them upon your Plain from a,the point which fout:d 
the Zenith to C. 

Fifthly, Lay a Ruler from W to C, and it will cut the 
Meridian NQ R, (being thus extended) in P, ſo is P the 
North Pole of the World, and becauſe it falleth withour 
Plain,it 1s evident by the Scheme, that this Reclining Plain 
paſſeth through the Meridian, between the Zerith and the 
Pole. And again, becauſe the North Pole P falleth with- 
out the Plain, it alſo demonſtrates that the South Pole muſt 
be elevated above this Plain. Wherefore, | 

Jixtbly, To find the point of the South Pole upon the 
Meridian line N Q R, do thus. Becauſe the two Poles are 
180 deg. diſtant from each other, viz. two Quadrants, or 
twice 9o deg. Take therefore go deg. out of your Line of 
Chords, and ſet them twice upon your Plain from C, viz. 
firſt from C to. e, and then from e to #, ſo (hall the 180 deg. 
end in »: And a Ruler*being laid from W to », {hall croſs 
the Meridzan 1n A,the South Pole; fo 1s the South Pole A, 
elevated above the Reclining Plain, the quantity of A R, 
which is equal to.the Arch R z, which meaſured upon the 
Line of Chords will be found 13 deg. 28 min. 

Seventhly, Lay a Ruler from W toe, and it will cut the 
Meridian 1n 2, fois A that point in the Meridian through 
which the /Equino@ial muſt paſs. Asallo-through the points 
E and W, the Eaſt and Weſtpoints of the Horizon. 

Eighthly, For the Hour-lines, They are to be drawn 1n 
all reſpeC&s as the Mour-lines were upon the upright South 
Plain, without any alteration, only there the Stile was ele- 
vated according to the Complement of the Latitude 38 deg. 
28 min. here it muſt be cleyated only 13 deg, 28 min. 
as in the Scheme. The manner how the Hour-lines are to 
beput on, I ſhall only repeat, but I ſhall forbear drawing 
them, leaving that to your own practice, 1n regard there 1s 
no. alteration. at all from the Erect Dire rs ar 
' Where- 
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Wherefore divide the Semicircle of your Plain W R E in- 
to 12 equal parts, (beginning at R, and fo 6 equal parts 
on either fide of the Meridian N Q R.) Then lay a Ru- 
ler to Q, and every of thoſe 12 diviſions, it will divide 
the Aquinoctial into 12 unequal parts. A Ruler laid from 
P to every of thoſe unequal parts in the Mquinoctial, will . 
divide the Plain into 12 other unequal parts, through 
which laſt 12 unequal parts, and the Centre Q, if you 
draw right Lines, they ſhall be the true Hour-lines proper 
for the Plain. 


And here by the way note, for that the Aquinodtial 
Circle in this Scheme 1s a very oblique Arch, the 
Centre of 1t will be very. remote, and the Hour-ſpa- 
ccs upon it (as alſo upon the Plain) will be very 
cloſe together in theſe ſmall draughts, which is occa- 
fioned by the ſmall Elevation that the South Pole 
hath above this Plain, viz. but 13 deg. 28 min. 
whichyou might find without drawing of the Scheme 
by ſubſtracting 25 deg. the Plains Declination repre- 
ſented in the Scheme by the Line (or Circle) DZ, 
from Z P, the Complement of the Latitude of the 
place. And therefore, forefeeing that the Pole hath 
but ſmall Elevation above the Plain, and alſo what 
Pole, whether North or South that is elevated : The 
better way will be to augment the Stile, and to draw 
the Dial according to theſe following DireCtions. 


How to draw the Hour-lines upon. the Plain. 


In the Scheme following, draw, Firſt, The right Line 
WQ EE, for the Horizontal, and perpendicular thereunto, 
in the Line SQ R, for the Meridian and Hour-line of 12, 
which extend above the Horizontal Line to S. 

Secondly, Upon S as a Centre, with 60 deg. of your 

Chord, deſcribe a ſmall Arch of a Circle, and upon it ſet 


I3 dg. 


* 


8 o& 
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13 deg. 28 min. the height of the Pole above the Plain 
* fromA to B, and draw the Line S B for theStile. 


South Reclining 25 Deerees. 
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Thirdly, At any convenient diſtance, anſwerable to the 
largeneſs of your Plain, draw a Line parallcl to W E, as 
the LineCD F. 


Fonrihly, 
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Fourthly, Set one Foot of your Compaſſes in D, and 
with the other, take the neareſt diſtance to the Stile S B, 
which diſtance ſet upon the Meridian from D to H. 

Fiftkly, Upon the point H, (your Compaſſes opened to 
60 deg. of your Line of Chords) deſcribe the Semicircle 
K Q L, which divide into 12 <qual parts, in the points - 
© © © &&c. | 

Sixthly, Lay a Ruler unto H, and upon every of the 
points© © ©, @#«. and it {hall cut the /EquinoGial Line 
CDF, in the points * * * ec. through which the Hour- 
lines muſt paſs: Wherefore, if from the Centre S, and 
through the ſeveral points ** * ec. in the LineC DF, 
you draw ſtrait lines, bounding them between any two 
lines as W E, and M N, they {hall be the true Hour-lines. 
Or, 

Severtkl:, It you draw another Tangent line, and de- 
{-;ibe another Semicircle, .and divide it, and the other 
line,as you did the former,ſo ſhall the lines drawn through 
the reſpeCive points * * * &c:1n either of the AEquinoGial 
(or Tangent-lines) be the true Hour-lines belonging to 
your Plain, without any regard had to the Centre at all, 
as you before d1d 1n Upright far Decliners. 


— 
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The Third V ariety. 
CHAP. XIV. 


How to draw the Hour-lines #pon a Direct South Reclining 
Plain, which paſſeth between the Pole and the Horizon. 


Let the Example be of a South Plain, Reclining 55 deg. in 
the Latitude of Lozdor, 51 deg. 32 min. 


Irft, Draw the Circle W NE R, for your Reclining 
þ Plain, croſs it with the two Diameters N Q R, the 
PT Meridian 
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Meridian, and WQ E, the Horizontal Line of the 
Plain. | 
Secondly, Take 55 deg. the Plains Reclination, out of 
your Line of Chords, and ſet that diſtance from N to 4, 
and from E to b. 
Thirdly, Lay a Ruler from W to a, it will cut the Me- 
ridian in Z, ſo isZ the Zenith of the place, through which, 


and the points W and E. draw the prime Vertical Circle 
W ZE. 


Fourthly, Lay a Ruler from W to 6b, and it will cut the 
Meridian in S, the South point of the Horizon, through 
which, and the points W and E, the Horizox of the place 
W SE mult be drawn. 

Fifthly, The Pole being diſtant from the Zenith of the 
place 38 deg. 28 min. equal to the'Complement of the La- 
titude, ſet 38 deg. 28 min. from to c, and aRuler laid 
from W to c, ſhall cut the Meridian in Þ the Pole of the 
World, and go deg. of your Line of Chords being ſet 

| | from 
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| World, and fo it is called A Polar Plain. Or, 
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from c to #,and a Ruler laid from W to #:, ſhall cut the Me- 
ridian in #,through which,and the points W and E muſt 
the /AEquinoGial Circle be deſcribed : The Centre where- 
of, as alſo of the Horizon and prime Vertical Circles, are 
all in the Meridian N Q R, extended where need re- 
quires, and how theſe Centres are to be found, is ſhewed - 
already. | 

Sixthly, For the drawing of the Hour-lines, they muſt 

be drawn as in the Erect Direct South Plain, or as was di- 
rected in the laſt Plain, and ſol ſhall ſay no more of them 
in this place; only take notice, that the North Pole is ele- 
vated above this Plain, the quantity of the. Arch N c,which 
ts I6deg. 32 min. 

Theſe are the three Varieties of South Direct Reclining 
Plains, and in the making of theſe, you have alſo 
made the oppoſite. Incliners as much, for each Plain 
hath two faces, the one open to the Zexith, and the 
other to the Nadir of the place, © 


— www. a. A 


(1. Of North Dire Recliners. 
CHAP. XV. | 


How to draw the Hour-lines por a Direct North Reclining 
Inclinmg Plaiz. 


Sin Soxth Reclining Plains there were Three Varie- 

A ties, fo alſo are there as many in the - North Recl;- 
xers; For, 

I. The North Plain may ſo Recline, that it may paſs 
through the Meridian, juſt at the interſeCtion of the Meri- 
dian with the Equinoial, the plain it ſelf lying 1n the A- 
quinoGial Circle, and the poles thereof in the Poles of the 


' 2. The 
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2. The Plain may fo Recline, that it may cut the Mer 
ridian between the Zenith and the /EquinoGial. Or, 
3. It may Recline fo far, as tocut the Meridian between 
the FEquino@ial and the Horizon. 
Examples of theſe three Varieties of North Reclining 
Plains follow. ” 


The F rſt V ariety. 


CHAP. XVI. 


VL_R— 


How to draw the Hour-lines upon a Dire& Polar Plain, which 
Reclineth juſt to the Aquinoctial. 


Example of a North Plain;Reclining 51 deg, 32 min. equal 
' to the Latitude of the Place viz. London. 


Irſt, Deſcribe the Circle E A W R, for your Plain, 
croſs it with the Diameters A Q-R, for the Meridi- 
an, and W Q E for the prime Vertical Circle. 

Secondly, Set 51 deg. 32 min. the Reclination of the 
Plain (which in this Example is alſo equal to the Latitude 
of the place) from X to a, and alfo from W to b. 

Thindly, A Ruler laid from E to a, will cut the North 
part of the Meridian in Z the Zerith of the place, and be- 
Ing laid from E to b, it will cut the Meridian in N, fo 1sN 
the North Puint of the Horizon. TN Don 

Fourthly, Through the points W Z and E (by former 
direQions) draw the prime Vertical Circle, or Azimuth of 
Eaſt or Weſt, WZ E. And allo through W N and E, 
draw the Horizontal Circle W N E. | 

Fifthly, Becauſe the Pole of the World is always remov- 
ed from the Zenith of the place, ſo much as is the Com- 
plement of the Latitude {in this Example 38 deg. 28 min.) 
Set 38 deg: 28 min. from a (the point 1n the Plain, which 
found the Zenith point Z,) Northward of the Zenith, and 
the Compaſs-point will fall in W, the Welt point of the 

—723 ort- 
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Horizon; ſo that if a Ruler were laid from W to E, it 
would cut the Meridian in Q , for the Pole of the World, 
which is already the Centre of the plain, ſo that the pole 
of the World, and the pole of the plain fall both in one 
point, and the pole Q is elevated above the plain godeg. 
iz, the quantity of the Meridian Line A Q ,or rather the 
Arch X W, which is the meaſure thereof. 


A Dired& Polar Dial. South. 


Sixthly, To draw the Hours upon this Plain, it 1s eaſieſt 
of all others, for if you divide the Semicircle E R W, 
into 12 equal parts m the points © © © e#«. and through 
thoſe points draw ſtraight lines from the Centre Q , they 
{hall be the true Hour-lines belonging to this Polar Plain. 

And this Plain, by reaſon of its North Reclination,is,in 
Summer, capable of receiving all the hours from Sun rifing 

_ 
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to Sun ſetting, and therefore the Hour-lines of 4 and 5 in 
the morning,and of 7 and 8 at night muſt bedrawn through 
the Centre, as you did in the Vertical or Horizontal Dial, 
and as you ſee here done in this Figure. 

The Stile of this Dial muſt be a (tfait Pin or Wire, ſet 
perpendicular upon the Plain, from the Centre Q , and 
of any length. And this for the Firſt Variety of North 
Recliners. 

The South Inclining Plain oppoſite to this, is direaly 
the ſame, only the forenoon hours MI this muſt be the At- 
ternoon hours in that,and the hoursof 4 and 5 in the mor- 
ning, and of 7 and 8 inthe Evening muſt be omitted. 


Ce FIT 


T be Second V ariety. 
CH AP. XVII. 


How to draw the Hour-lines upon a North Reclining Plaiy, 
which interſef#s the Meridian between the Lenith and the 
Aquinoctial, 1 


| Let the Example be of a North Plain, Reclining 25 deg. 


Ir/t, Draw the Circle E $ W R, repreſenting your 
North Reclining Plain,and crofsit with. the two Dia- 
meters SQ R, the Meridian of the Place, and E Q W, 
the Horizontal Line of the Plain. 

| Secondly, Set the Reclination of the Plain 25 deg. from 

S to a, and from W to b. | | 

Thirdly, Lay a Ruler from E to a, it will cut the Meri- 
dian in Z the Zenith. And a Ruler laid from E to b, will 
-cut the Meridian in N the Notth point of the Horizon: ſo 
have you three points E Z and W, whereby to draw the 
prime Vertical Circle E Z W, and three points alſo, viz. 
E N and W, whereby to draw the Horizon E N W. 
Fro AL os Fonrthly, 
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Fourthly, Becauſe the Equinoftial is always 9o deg, di- 
ſtant from either of the Poles,ſet 9o deg. upon your Plain 
from c to d. Then laying a Ruler to E and 4, it will cut 
the Meridian in MX, ſo is Z the point of the interſeCtion of 
the X#quinoGtial, with the North part of the Meridiay ; 
wherefore through the points E # W, deſcribe the Aqui- * 
noRial Circle z the Centre whereof, as alſo of the Hort- 
zon, and prime Vertical Circle, will fall 1n the Meridian 
SQR, extended whgge need requires. 


LBABMELYLERE SBALEISET wW 


Fifthly, The Horizon, AquinoGtial and Pole, being 
thus ſeated in their true poſitions upon the Plain ; the 


thing required in this Dial, 1s, The height of the Pole abou 
the Plain, which may be found in this manner. ----- Lay a 


Ruler from E to P, and it will cut the Plain in c, the. di- 
ſtance Sc, meaſured upon your Line of Chords, will con- 
tain 63 deg. 28 min. which is the height of the pole above 
the Reclining Plain. Fr 

Laſtly, For the drawing of the Hours, that is done the 


ſame 
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ſame way as in the Ere& Direct South Plain, only here the 
Stile muſt be elevated above the Meridian line63 deg. 28 m. 
whereas there it was only 38 deg, 28 min. the Comple- 
ment of the Latitude. The North Pole is elevated above 
this Plain, and the Hours that the Plain is capable to re- 


ceive, are 4, 5, 6, 7, 8, and 9 in the Morning, and 3, 4, 
-, 6, 7, and 8 at Night. 


The height of the Pole (or Stile) above this Plain may 


be found by adding the Complement of the Latitude 
38 deg. 28 min. and 25 deg. the Reclination toge- 


ther, the ſumm whereof is 63 deg. 28 min. the height 
of the Stile, as before. 


—_—. 
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The Third Variety. 
CHAP. XVII. 


How to draw the Hour-lines upon a Dire& North Reclining 


Plain, which interſe&s the Meridian between the Xquino- 
Gal and the Horizon. 


Let the Example be of a Direct North Plain, Reclining 
70 deg. in the Latitude of Loydon 51 deg. 32 min. 


—Irſt, Draw the Circle ES W R, repreſenting your 

North Reclining Plain, and croſs 1t with the two Dia- 

meters SQ R, for the Meridian of the Place, and with 
E Q W, the Horizontal Line of the Plain. 


Secondly, Set the Reclination of the plain 7o deg. from 
Sto a, and from W to b. 


Thirdly, Lay a Rulerto E and a, it will cut the Meridian 
in Z the Zenith, through which, and the points Eand W, 
draw the prime Vertical Circle E Z W. —— Alfo, lay 
a Ruler from E to b, it will cut the Merzdian in N, the in- 


terſection 
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terſetion of the Meridian with the North part of the Ho- 
rizon, now through the points E N and W, deſcribe the 
Horizon of the place EN W. 

Fourthly, Foraſmuch as the Pole 1s diſtant from the Ze- 
7ith of the place 33 deg. 28 min. (equal to the Comple- 
ment of the Latitude) ſet 38 deg. 28 min, from a, the - 
point which gave the Pole Ptoc, and laya Ruler from 
E to c, ſo ſhall it croſs the Meridian in P, the Pole of the 
World. | 

Fifthly, Becauſe the /quinoctial 18 1n all places ſituate 
90 deg. trom either Pole. Take go deg. in your Compalſles, 
and ſet them off from c,(the point which gave the Pole P 
both ways,to e above,and to g below. So a Ruler laid from 
E tog, will cut the Meridian (it being extended) in M, 
without the Plain, which {hews that the North part of the 
Aquinodtial Circle lies below this Plain. Thercfore,lay a 
Ruler fromEtoe, and it will croſs the Meridian in XZ 
above, within the plain. So is ZE the point where the Me- 
ridian, and the South point of the XquinoGtial will inter- 
ſect, and through that point, and the points E and W, muſt 
the Xquinoctial E A W, be drawn. 

Sixthly, the Horizon, Pole and Aquinoctia), being thus 
projected, the thing required in this plain, 1s, The herght of 
the Pole above it, viz. P R, which may be found in this 
manner. Lay a Ruler from EtoP, and it will cut the 
plain in c, the diſtance from R to c meaſured upon the 
Chord, will be 71 deg. 32 min. which1s the height of the 
pole above this Reclining plain. —— Or the height of the 
pole above the plain may be found, by adding the plains 
Reclination 70 deg. to 38 deg. 28 min; the Complement 
of the Latitude, the Summ whereof 1s 108 deg. 28 min. 
which taken from 180 deg. the remainer will be 71 deg. 
22 min. as before. ESE 

Laſtly, For the drawing of the Hour-lines,they are done 
in all reſpects as thoſe before in South Erect Plains, only in 
this make the Elevation of the Stile 71 deg. 32 min, as you 

find itby yourprojection. Your 
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Your Hour-lines: being drawn, ere the Stile 71 deg. 
32 min. above the Meridian or Subſtile, letting it pointup 
to the North Pole, becauſe that pole above this plain is {0 
much elevated, and being this Plain is but 20 deg. raiſed 
above the Horizon, viz. the Complement of its Reclina- 
tion, the Plain 1s capable to receive all the hours from 4 
in the morning, to 8 at night, and therefore the hours of 
4 and 5 in the morning, and 7 and 8 in the evening, muſt 
be drawn through the Centre, as was dane in the Vertical 
or Horizontal Dial. BALL D441 


- And thiis have you had Examples of all the Varieties, 
- both of Baſt, Weſt, North; and South Reclining Plains; 
and no other can Haney fall out in any gy as * 

OEVET. 
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'. ſoever. © The Indining Plains are the fame-with the 
Recliners oppoſite to themz and muſt be drawn in 
the ſame manner,as hath been (in ſome meafure)here- 
tofore hinted, and {hall be more at large diſcourfed 
of hereafter, when I have fone with Declining Recli- 
ning Plains, of which 1 come now to treat. | 


"TV. Of Declining Reclining Plains. 


CHAP. XIX. 


"i 
—P 


. 
* Þ 
- 


| A S there were fix: Varieties of Dire# North and South 
Reclining Plains, fo allo are there of South and North 
Declining Reclining Plains, viz. Three Varieties of South 
Recliners Declining, and as many of North Recliners Decl;- 
ning, For, in South Recliners Declining, 
| I. Fhe Declination may be ſuch, that the South Reclin- 
ing Plain, may-eut-or fall upon the Meridian, juſt upon 
the Pole Point ; and ſuch Reclinine Declining Plains, are 
called AEquinoGial Decliners : Or, 3 
2, The Declination may be ſuch,that the Reclining Plain 
ſhall interſe& the Meridian between the Zenith of the place, 
and the 'Pole »f.the World: Or, 
3. The Declination® may. be fach, that the Reclining 
Plain ſhall croſs the Meridian between the Pole and the 


Horizon. 0g | 
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Theſe are the three Varieties of South Recliners Declining. 
1: North Recliners Degltning there are three other Varic- 
ties, FÞor, rs 


ing Play may; crofithe Meridianin be point where: the 
ES” : | | are 


are called Polar Declining Plains,becauſe the Poles of them 
le in the Axis of the World,. and the Szbfile in ſuch 
Plains, will be always perpendicular to: the Meridian. ofthe 
lace. Or, RL Wy" >b- WITTY 
. 2, The Declination may be ſuch,that the Reclining Plain 
may interſe& the Mezridiaz, between the Zerith and the 
FEquinoGial. Or, ECTS H-elrtRurrt tows ob 
3. The Declination-may cauſe, that the: Reclining Plain 
may fall-upon the Meridjey, between the /EquivoGial and 


the Horizon. 


Examphes of all theſe Varieties follow. 


I. Of South Recliners. 
The Firſt Variety. : 
CHAP. XX. 


How to draw the Hour-lines #por « South Reclining De- 
clining Plain, which cutteth the Meridian -# the Pole 


- 


| « | DP. Five 
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N Declining Reclining Dials, before the Hour-lines can 
be drawn,. Three things muſt be given, and Four things 
found 3 the thiogs given are,” _ A 
1. TheEatitude of the place. + 
Data n 'The Declinatian of the Plain.” 


3. The Plains Reelination. 


The Things. required are, 


C1. The diſtance of the Meridian and Horizon. 
-. J2. The height of the Pole above the Plain. 
eſta 3- The diſtance of the Subſtile and Meridian. 
4+ The Plains ws of Longitude, - 
2 es 
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Let. the Exam le be of 4 South Plain Declining Eaſt, 30 4. 
-. And Reclining 34 deg. 32 min. in the Latitude of Lon- 
don, 51 deg, 32 win. "1 


Firſt, Draw the Circle HAO R, and croſs it with 

_ the two Diameters H O, the Horizontal Line of the Plain, 
and-A QR, .the-perpendicular Line of the plain, croſling 
each other at:Right Angles in Q the Centre of the Plain.: 
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Secondly, 
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Secondly, Becauſe the Plain Reclined 34 deg. 34. min. 
Take 34 deg.34 min.from your Line of Chords,and ſet them 
upon your plainfrom A to a, from H to b, and from R to c. 
Thirdly, Lay a Ruler from O to 4,andit willcutthe per- 
pendicular Line of the Plain in Z the Zenith of the place. 
Alſo a Ruler laid from O to b,will cut the plains perpendi- 
cular in K, the interſeCtion of the Horizon of the place, 
with the Plains perpendicular. And a Ruler laid from © 
to c, will cut the perpendicular of the plain A R (itbeing 
extended) in N the Nadir point. Having found theſe points 
upon the perpendicular Line of the Plain, 


Fourthly, Through the points H K O,draw the Horizon 
of the place. + And, M 


Fifthly, Becauſe the. Plain declines 3o'deg. Eaftward, 
take, Zo deg. out of your Chord, and ſet them from R to 
d, and from O toe; and laying a Ruler from Z the Ze- 
nith to e,it will croſs, the Horizon. in E,the Eaſtpoint there- 
of,.and the Ruler-laid from.Z to 4; will croſs the Horizon 
in S the South poirt thereof,” ſo have you found three 
points, viz, £ N and S, «through which you may draw the 
Meridian , whoſe Centre you may find, as hath- been 
before taught : Or in this manner 3 Hrog aol 

Divide.the. (pace between {Z. and N in two equal parts 
in C, and through C:draw the line C D parallel to. 

Q O, extending it, as you ſhall havg occaſion.. Alſo 
from Q , through E draw .another Right Line QE, 
extending it,as occalion thall offer; the point of thoſe. 

- . .,,.two lines interſetion, 1s the Centre of the Meridian. . 


% 


+ 


1; Which being drawn, 
_ Sixtbly, Lay a Ruler from E the Eaſt-point-of the Hori- 
zon to the Zenith, and it will cut the Plain in þ. And, 
becauſe the Pole of the World is diſtant: from the Zenith. 
33 deg. 28 min. equal to the Complement of the Latitude, 
ſet 38 deg.28 min.from k'upon'the Plain,andit'will fall juſt 
upon P, which is the point ofthe plains interfe&ion with the 
Meridian,which demon(trates the pole to have no elevation 
above the plain,and ſothe plain to be Zquino@ial Declining, 
bs Seventþly, 
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_ Serenthly, Draw the Line P Q L for the Axis of the 
World, and, becauſe the Aquinoctial Circle is in all parts 
diſtant from either Pole go deg. ſet go deg. from P or L, 
to X; and through Q , draw the Line A Q x, for the X- 
quinoQtial Circle, which tis here a ſtrait Line,and being ex- 
tended, would paſs through the Centre of the Meridian, . 
and alſo through the Eaſt and Weſt points of the Horizon, 
as it ouyht to do. 
The Scheme being thus projeGted, the four Requiſites 
from it are eaſily obtained. For, | 
1. To find the diſtance of the Meridian, and the Horizon 
O P. The Arch OP meaſured upon your Line of 
Chordswill contain 71 d.53 min. the diſtance required. 
2, The height of the Pole above the Plain (the point P) 
oO deg 00 min. therefore 1t is an /Equinottial Declin- 
__ ingPlain. | Ee” 
3. The diſtance of the Subſtile and the Meridian, the point 
P alſo. Therefore that, as alſo all the hours, muſt be 
parallel to the Subſtile. TO TELLS 
4. To find the Plains difference of Longitude,Q P B, Lay 
a Ruler from P to B, and it will cut the plain in mz, 
the diſtance L zz meaſured upon your Chord, is the 
plains difference of Longitude 24. deg. 19 min. 
Theſe Requiſlites being thus found, I will now ſhew. 


How the Hour-lines are to be drawn upon the Plain, 


_ Firſt, Draw a Line as B A Cfor the Horizontal Line of 
your plain, and upon any convenient point therein, as up- 
on A, with 60 deg. or the Radius of your Line of Chords, 
deſcribe the Semicircle BD C: : 
Secondly, From your Lineof Chords take 71 deg. 53 m. 
the diſtance of the Meridian -and Horizon, - and4et them 
from B to D, and draw the Line A D for the'Subſtile:: - - 
Thirdly Fake 24 deg. 19 min. the plains difference of 
Longitude, andfet that diltancefrom D to E,and draw the 
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Fonrthly, Divide the Semicircle BD C into 12 equal 
parts at the points © © © @c. beginning the diviſion at 


the point E. 
A South Plain Declining Eaſt 30d. Reclining 34 d. 32 1. 
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 Fifthly, Through the point O, (or any other point ta- 
ken at all adventures m the Subſtilar Line) draw a Line 
M ON at right Angles (or perpendicular )to the Subſtilar, 
repreſenting the Aquinoctial. 

Sixtbly, Lay a Ruler from A, and every of the points 
© © © exc. 1n the Semictrcle, and it will croſs the Xqui- 
noxtial in the points *** exc. on 

Laſtly, Tf through theſe points * ** exc. you draw right 
lines parallel to the Subſtilar, they ſhall be the true Hour- 
lines belonging to your plain, the hour-Hhne of 12 being that 
where you began to-divide your Semfcircle, that is, at the 
mark (or *) which was made from the point E. 

For the Stile of this Dial, it may be either a ſtrait pin 

. or Wire, of the juſt length of the line A O, erected per- . 
pendicularly upon fome point of the Subſtile(as at A or O) 
the very. top af the ſhadow thereof giving the hour among, 
the Hour-lines upon the Dial. N - 

INS ' 


Abbot cd 7 0 


E775 _ Geometrical Dialling. 


- Or elſe the Stile may be a Plate of Brafs or Iron of the 
breadth of A O, ſet perpendicular to the Plain, upon the 
Subſtilar Line A O D, the ſhadow of whoſe upper edge 
ſhall give the true hour of the day. 


M—— 
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How to draw the Hour-lines »por-a South Reclining Plain, - 
Declining Eaſt or Welt, ' which paſſeth between the Tenith 


FN this, as in all other” Decliners Retlining, three things 


muſt be known, and four muſt be found before the 


_ drawing of-the Hour-lines _ 


Let the Example be a South Reclining Plain, Declinin 
Eaſt 30 deg. and Reclining 20 deg. in the Latitude of 
51 deg. 32 min. London. 


I. Latitude of the place 403-22 
Data n Declination South Eaſt 30 ©o0 
_ C3. Reclining South 20 OO 


i. The diſtance of the Meridian and Horizon. - 


 Queſita Y; The height of the Pole above the Plain. 


3. The diſtance of the Subſtile and the Meridian. 
4. The Plains difference of Longitude. 


Firſt, Deſcribe the Circle HAO R, repreſenting your 
Reclining Declining Plain, and croſs it at right Angles, 
with the two Diameters A R, for the perpendicular, and 
H O for the Horizontal Line of the Plain. 


Secondly, 
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Secondly, Take 20 deg. the plains Reclination, out of 


your Chord, and ſet them from A to 4, from O to b, and 
from R toc. 


LI RIIIUTrir) C 


an 


* 
Thirdly, A Ruler laid from H to a, will give you Z the 
Zenith, and laid from H to b, will give you K the inter- 
{e&ion of the Horizon, with the perpendicular line of the 
Plain. And the Ruler laid from H toc, will give you N 
the Nadir,then through the points H, K and O,draw the Ho- 

rizon H K O. | 
Fourthly, Take 3o deg. the Plains Declination out of 
your Line of Chords, and fet themfrom R to 4 Weſtward, 
becauſe the plain declines maey and alſo from O toe, 
9 a Ruler being laid a to e,lhallcutthe Horizon in E, 
| the 
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the Eaſt point thereof, and laid from £ to d, ſhall cut the 
Horizon in $ the South. point thereof. Thus have youthree 
points Z, S and N, through which to draw the Meridian 
Circle, which you may extend without the plainto P and 
N, occaſion ſometimes requiring it ſhould beſo. 

Fifthly, Foraſmuchas the Pole of the World is always 
diſtant from the Zenith, equal to the Complement of the 
Latitude of the place, as here-at London 38 deg. 28 min. 
Lay a Ruler From E.to Z, andit will cut theplaininh, from 
whence ſet/38 deg. 28 min. to\k. So a Ruler laid from E 
to k, will cut the Meridian (extended) in the point P, the 
North Pole of the World. . And a Ruler laid from P to 
Q, ſhaſl croſs the Meridien: in L,-the South” "v7 and: 
the Lint P Q _L ſhall beche-Axis af the. World: 

SixtHy,” Fake..go deg. of :your'\ Chorde;"tind &t them 
from k the point, "I "Faund the Pole at P to»: Soa 
Ruler laid on Eto #, {hall cut the Merid;as in B,through 
which point, and through the point E, the AquinoCtial 
Circle muftbe deſcribed, whoſe Centre will be in the Ax- 
is P L extended,and the manner how to find'1 it, hath been 
ſeveral times already diſcovered. 

The Horizon, Meridiaz, and AquineGial Circles being 
thus deſcribed upon your Plain, by their interſeCtions,and 
diſtances, the four Requilites' belonging to this Declining 
Reclining Plain may be obtained. As, 

1. To find the diſtance of the Meridian and Horizon A V. 

_ The diſtance H V upon the Plain, .meaſured upon the 

. Lineof Chords, will contain 78 deg. 50 min. the di- 
| | Nance of the Meridian. and Horizos. 

-2, To fnd ithe beight of the Pals or Stile above the Plain 

LL. Set 9go.deg. from c to b, then lay a Ruler from 
b to L, and it will cut the Plain at #1,the diſtance from 
£-t0 an,meafured npan yaur Chords, will contain 13 d. 
40 min. the height -of the Pole or Stile above the 


_ Plan = 
3+ To find the diane of te Suit frm the Mer 
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V c, meaſure the diſtance Y c upon the Lineof Chords, 
and -—_ contain 7 deg. 3o min, the diſtance re- 
quired. 

4+ To find the Plains difference of Longitude, B L D. Lay 

a Ruler from L to B, it will cut the Plain in h, fo the 
diſtance þ O meaſured upon the Line of Chords, will 
contain 28 deg. 52 min. the Plains difference of Lon- 

. gitude. 
Thus are the four Requiſites belonging to this Plain 
found, «and in this Example, two things are very -obſer- 
vable. | 

TI. Whereas P: the North Pole of the World, falls with- 

__ out the plain, and the point Lz repreſenting the 

South Pole falls within the plain, it denotes, thatthe 

South Pole muſt be elevated. 

2, In reſpe& that the Line or Arch L c,which is the height 

; of the Stile or pole above the plain, 1s but of ſmall 

uvantity, 27S. 13 deg. 40 min. 1t-will from thence * 
follow, that the /EquimoGial's Centre will be very re- : 

, mote, and that the Hour-lines near to the Subſtile | 

will be very cloſe, fo that in ſmall Dials their diſtan- 

.ces one from another will be inſenſible; and there-_ 
_- fore you may ſave the labour of deſcribing the Aqui- 
nochal Circle, and be fatisfied in finding of the point 
B, by which the plains difference of Longitude is 
found For, in ſuch caſes as this, the Plains diffe- 
rence of Longitude, the diſtance of the Meridian from 
the Horizon, and of the Subſtiles diſtance from the Me- 
ridian, and the height of the Pole above the Plain being 
oained;. you may proceed to draw the Dial as follow- 
eth, not much differing from the drawing of the Up- 
right far declining Dial Chapter VIIL 


'". How to draw the Hour-lines, upon the Plain.”. 


Firſt, Draw a right Line A BC, forthe Horizontal Line 
| N 2- of 


= 
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of your Plain, and aſſume any convenient place therein, as 
B for a Centre; upon which point, with 6 deg. of any 
large Line of Chords, [ For it is neceſſary, not only in this, 
but for divers other occaſions, to have ſeveral Lines or Scales 
of Chords upon your Ruler deſcribe the Arch of the Circle 
A D. Upon this Arch, from A to D, ſet 78 deg. 50 min. . 
the diſtance of the Meridian from the Horizon, and note 
the point D, but you need not draw the Meridian Line. 


South Declining Eaſt 30 deg. Reclining 20 dee.. 


- 


© 
' 
0 


2. 
Second ly, 
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Secondly, From D to E ſet 7 deg. 3o min. the diſtance of 
the Subſtile from the Meridian, the ſame way as you find it 
_ to lie in your projection, and draw the Line B E for the 
Subſtile. Alſo, upon the ſame Arch, ſet off 13 deg 40 m. 
the height of the Stile from E to F, and draw the line B F 
for the Stile. Which being but of ſmall Elevation, 7s. 
13 deg. 40 min. ought to be augmented; and therefore(at 
any convenient diſtance (ſuitable to the bigneſs of your 
Dial-plain) draw a line as G H, parrallel to B F, for your 
augmented Stile or Axis. 


Thirdly, Through any two points taken at adventure,in 
the Subſtilar line, as K and L, draw two righ lines perpen- 


dicular, or at right Angles to the Subſtilar, as the Lines 
MK N, and O LP. Then from the point K, take the leaſt 
diſtance to the augmented Stile G H, and ſet that diſtance 
upon the Subſtilar K to Q. Alſo from the point L, 
take the neareſt diſtance to the augmented Stile G H, and 
ſet that diſtance upon the Subſtilar from L to R. 
Fourthly, Upon the points Q and R, as upon two Cen- 
tres, with 60 deg. of any of your Chords, deſcribe two 
Semicircles (or other portions of Circles) and in either of 


them ſet 28 deg. 52 min, from V to T upon one of them, 
and from X to S upon the other: 


Fifthly, Lay a Ruler from Q to T, and it will cut the 
Tangent Line in Y : Alfo lay a Ruler from R to. $, it will 
cat the other Tangent line in-Z, and a right hne drawn 
throngh the points Y and Z, ſhall be the Hour-lineof 12. 

 Sixthly, At the points S and T, begin to divide the ſeye- 
ral Semicireles in 12 equal parts or hours, by taking I5 d. 
of your Chord, and ſetting them from S. and T both ways, 
at the points © © © exc. ſo many times as the plain will 
receive, Hour-lines. | 

_ Seventbly, Lay a Ruler from the points Q and R, to 
every of the points © © © ex. in their reſpeftive Semi- 
circles, and it will craſs their ſeveral Tangent lines in the 
points * ** gc, 

Laſt, 
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Laſtly, Through the points * * *, in both the Tangent 
lines, draw right lines, each to his correſpondent, which 
the Hour-line of 12 will dire& you how to do, and thoſe 
ſhall be the true Hour-lines of your Plain. 

For the Stile of this Dial, it may be either of Wire, or 
Plate, containing an Angle equal to the height of the Pole 
above the Plain, but it muſt be augmented anſwerable to 
the augmented Stile, as you ſce in the Figure, andmuſtbe 
ſet in its proper place upon the Subſtilar line, and alſo per- 
pendicular or ſquare to the Plain, and ſo is this Dial finiſh- 
Ed. 


i. ww. 
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The Third Variety. 
CHAP. XXII. 


How to draw the Howr-linet por 4 South Reclining Plain, 
Declining Eaſt or Welt, which interſe&®s the Meridian be- 
tween the Pole and the Horizon. 14 


km 


Et the Example for this third and laſt Variety of South 

_, Declining Reclining Plains, be of a South Plain De- 

clining Eaftward 30 deg. and Reclining 55 deg. 1n the La- 
titude of 51 deg. 32 min. viz. London. 


deg. min. 

ec The Latitude of the Place _— 
Data 2 The Declination Eaſtward 30: 0© 
The Reclination 55 OO 


« 
The diſtance of the Meridian from the Horizoz. 
The height of the Pole or Stile above the Plain. 
The Subſtzles diſtance from the Meridian. 
The Plains difference of Longitude, 


Dueſtta 


Firſt, 
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Firſt, Draw the Circle AHRO, for your Reclining 
Declining Plain, and croſs it with the two Diameters A R 
the Vertical; and H O the Horizontal line of the Plain. 
_ Secondly, ſet 55 deg. the Plains Reclination from A to a, 
and from Q to b. | 
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Thirdly, Lay a Ruler from H to a, and it will give you 

Z the Zenith, and laid from.H to-6, it will give you K,the 

- point of the Horizons interſection with the Plains Ver- 

tical Line. So have you three points HK and O;,through 
which to deſcribe the Horizon of the place H K Q: 

 Fourthly, Set 30 deg. the PlainsDeclinationfromR to c 

Weſtward, (becauſe the Plain declines Eaſtward and from: 

Otod. SoaRuler laid from Z to.c, ſhall give yous, the 

'interſeftion of the Meridiaz with: the South point of the 

Horizon. - And the Ruler laid from Z tod, ſhall give you E 


* 


_ Eifthh, Having the Pomts'S and Z, through them you: 
o | | = 
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may draw the Meridian Circle L S Z P, as hath been al- 
ready ſeveral ways taught, the Centre whereof will fall in 
the Line Q E being extended. ODD 
Sixthly,Lay a RulerfromE to Z, andit will cut thePlain 
in e, from which point e, ſct 33 deg. 28 min, to f, and a 
Ruler being laid from Eto f, ſhall give the point P, vpon 
the Meridian Circle, for the Pole of the World. And a 
Right Line drawn from P through Q , ſhall be the Axis of 
the World, and the Subſtilar line of the Dial. 
Seventhly, Set go deg. from f to þ, (becauſe the A&qui- 
nodial Circle is 1n all places go deg. diſtant from either 
Pole, P or L.) So laying a Ruler from E to, it will give 
you the point Bin the Meridar,through which, and E, the 
Eaſt point of the Horizon, 'the FEquinoGial Circle muſt 
paſs. . And- may be drawn as m former Exaniples, the 
Centre thereof being in the Axisof the World,P L extend- 
ed. Lon | | 
Theſe three principal Circles, viz. the Horizon, Meridi- 
an and /Equino@ial, being. deſcribed, according to their 
true Situations upon the Plam, the fame forementioned Re- 
quiſites may from thence be eafily deduced, as follow- 
eth. RR LE 
1. To find the diſtance of the Meridian from the Horizon 
OC. The Arch O C,* meaſured upon the Line of 
Chords, will contain 64. deg. 41 min. The Subſtiles 
_ rom the Meridian. | 
2. To find the height of the Pole or Stile above the Plain 
P D. Set go deg. from D to &, and lay a Ruler from 
£to P, it willcut the Plain in »,, the Arch D 2 mea- 
ſured on the Line of Chords, will contain 19 deg. 
25 min. The height of the Stile. 
3. To find the Subſtile's diſtance from the Meridian C D. 
| This Arch meaſured, will contain 6 deg. 2 min. The 
diſtance of the Subſtile from the Meridian.” * 
4. The Plains difference of Longitude BPQ. A Rulerlaid 
from P to B, will cut the Plain in k. So the diſtance | 


FA 


+ 
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F hk meaſured, will be 17 deg. 338 min. Ihe Plains 
. Wifference of Longitude. © PR 
Theſe requiſites being thus found, you may proceed to 
draw the hour-lines in this as in other Plains. Firſt, by 
laying a.Rulcr-upon P-the Pole of the World;oB;1mthe 
injerſeftiof of the Meridian and EquinoGial, which will 
cut the Plain\in 4, at which point, begin to divide the Se- 


micigcleynto 12 equal, parts, And fromQ, to each of 
them, lay\s Ruler croſſing the /quino@ial Circle, and di- 


vii Ng thabznto 12 unequal parts, ta which unequal patts 
ofthe FEquino@ial, a Ruler laid, it will divide the Plain 
intoi12, other-ynequal parts, through which; and the Cen- 
tree Q,, Tight lines beingdrawn,they ſhall be the tryehpur- 
liged proper. for the Plain, | / | 
[Byt in-this\Exartpte, the Elevation of the Pole or Stile 
OZ IE” fo ey on Bo oth. \ © | 3+ AF. |..of 
above'the Plain, being but of an indifferent Elevation,vis. 
 I9 deg..25 min. you may. (if you pleafe) draw the Hour- 


% 


How to draw the Hour-lines upon the Plain, © \ 


of 
F ad 


of your. Dial, upon which point, with 60 deg. of your 
Chord, deſcribe an Arch of a Circle B E, upon which from 
B, ſet the diſtance of the Meridian and Horizon, 64 deg. 
41 min. to C, and draw the line A C for the Hour-line of 
12. Alfo, upon the ſame Arch from C to D, ſet 6 deg. 
2 min. the diſtance of the Subſtile from the Meridian ; and 
draw the line A D for the Subſtilar. Again, upon the ſame 
Arch, ſet off 19 deg. 25 min the height of the Stile from 
nay E, and draw the Line D E for [the Axis of the 
tllE. RE. LAS Fen 2 T7 EE ER 
_ O Secondly, 


A Sonth Plain Declining Eaftward 30 deg. and Re- 
2 * Clining 55 deg. WD 1993 
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Secondly, Upon any part of the Snbſtilar Line, aflume 
any point at pleaſure, As F, through which draw the right 
line G F H perpendicular to the Subſtile. 

 1hirdly, From the point F, take the neareſt diſtance to 
the Axis of the Stile, and ſet that diſtance upon the Sub- 
ftilar Line from F to O, and upon the point O with 
60 deg. of your Chord, deſcribe the Semicircle M L N. 

Fourthly, Lay a'Ruter/from O toK (the point where the 
Tangent (or Atqzino7iat line) croffeth the Meridian )'and 
the Ruler will cut the Semicircle in L, at which pointbe- 

_ 


- 
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gin to divideitirito 12 qu partsinthe points © © © eb. 
 Fiſthly, Lay a Ruler from O the Centre of the Semicir- 
cle tothe ſeveral poitits © ©' © jn the Semicirele, and the 
Ruler will-eut the Tangent line in the points ** * ec; 

Laſtly, If from the Centre A,through theſe points*** ec. 
you draw right-lines, they ſhall be the proper Hour-lines 
belonging to your Plain. I AN 

For the Stile it may be either of Plate or Wire, elevated 
above the Subſtile to an Angle of 19 deg. 25 min. and ſet 
up perpendicularly.upon the Subſtilar, as in all other Dials. 
And thus havelI done with all the Vatzeties of South De- 
clining Reclining Plains. FE 
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The Firſt Variety. nts 
CHAP. XXIIL 


s ” 
©. 


tining Plain, 


How. to draw the Hour-lines upon a North Reclit 
Declining Eaſt or Weſt, which eutteth the Meridian at 
the InterſeFion thereof with the Aquinottial, [-- 
' Et the Example beoof a North Plain Declining to the 

'B Welt 60 deg. and Reclining from the Zenith 32 deg. 

I1 min. in the Latitude of Loxdox 51 deg. 32 min. 


A 
«, 
s 
=—_ 
' 


FL.) | \ , deg. min. 

7. Latitude of the Place ..5I 32 
” Declination of the Plain North Weſt 60 oo 
-3.--Reehning North. ..-.... ... ; | cn—-—— TT 
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Data 
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1. The diſtance of the Meridian and Horizon. 
___-. 32, The heightof the Pole or Stile above the Plain. 
Reſts \,. The diſtance of the Subſtileand the Meridian, 


on 


. C4: the Plains difference of Longitude. 


retro _— deg. min. 
Declining Weſt 60 ©0 


,*. 4\ 
a 


at 
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-Firſt, Deſcribe 
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Reclining Plain 3 croſs it at right Angles with the two Dia- 
meters H O for the Horizontal, and A C for the Vertical 
line of the plain. | 
© And here forVariety, more than for neceſlity, in theſe 
__ three following Examples of North Recliners Decli- 
ning, I will (in the ſeveral Schemes) place the Zenith 
and pole down wards, becauſe the Stile in all theſe 
Dials muſt point upwards, the North. pole being al- 
ways elevated, and in ſo doing, the Hour-lines, Stile 
and Subſtile will ſtand in the Scheme as they are toſtand 
in the Dial. and the- manner of Work will be the 
ſame as before. Wherefore, 
-  Seconaly, Set 32 deg. 11 min. the plains Reclination, 
from O to 4, and from C to b.. A Ruler laid from H ta 4, 
fall give you the point B,through which, andthe points H 
and O, the Horizon H BOisto be deſcribed. Anda Ruler 
laid from H to'b, ſhall give you Z the Zenith:-point.. 
. Thirdly, Set 60 deg. the plains Declination from A to d,. 
a Ruler laid from Z the Zenith, to.d, ſhall cut the Horizon 
in S the South point thereof. Thus have you two-points 
Z.and S;throngh which to draw. the Meridian, whoſe Cen- 
tre will be 1n the line Q E. extended, and may be found as 
' - oenterty19 cUgne.. +. :., _y { 
- - Foxrthly, The Horizon and Meridian being thus drawn, 
lay a Rulerfrom E to Z,and it will cut the Plain in e, and 
ſceing the pole 1s 33 deg. 28 min. diſtant from the Zenith, 
ſet 38 deg. 28 min. from-e to F,and a Ruler laid from EtoF, 
will cut the Meridian in;P_ the. Pole of. the World, 
through which point P, and the Centre Q,, draw.the line 
P Qfor the Axis of the World, and Subſtile-of the Dial. 
And again, becauſe the AquinoQialis go deg. from thePole; 
ſet 9o deg. from F, and they. will reach juſt to A.or £onei- 
ther (ide, which are the very points that the plain cuts the 
Meridianiin, and thtough which points, andthe pontE,ir 
the Horizon, the'FquinoGial Circlemuſt paſs; whoſe Centre 
will always bein'the the Axis of the World P even: 
OS T4 TAIT] o Ts 0. OY e 
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The Horizon, Meridian atid ZEquindGial being thus drawy, 
you may find the four Requiſites in this manner... 

1. To find the diſtance of the Meridian from the Horizon 
. AO: The Arch X O mealated by your Line of 


Chords, will be found to contain 47 deg. 18 min. 


which is the Subſtiles diſtance from the Meridian- 
2. To find the height of the Pole or Stile above the Plain 
 . PF. ARulerlaid frome to P, willcut the Plain in O, 
| ſo the diſtance FO 42 deg. 52 min. is the height of 
..*.. the pole abovethe Plam. © 
- 3. The diſtance of the Subſtile from the Meridian @ G, 
which meaſured upon your Chord, will be found to 
1, Contam juſt 96 deg. SN SE Og 
." 4; The Plains difference of Longitude GP &, or the Arch 
r1 i G, as before alſo go deg. juſt. TR 
+-:In this Scheme two things are remarkable. 
1. The Plains cutting the Mertdian in its interſe&ion, 
_ > ©) with the Zquinothal. And, 1. 1-1 
:'-2. The Axis of the World paſſing through the Eaſt point 
.*..1,of the Horizon, both which denote the Plain to be 
* polar Declining, and the Subſtile to be the ſame with 
.. ..the Hour-line of 6. And the Hour-line of 12 at right 
Angles thereto, wherefore the Hour-lines may be 
* drawn, as followeth. | ER 


To draw the Hour-lines npon the Plain. 


. Frrft, Lay a Ruler fromP to X, where the Meridian 
and /EquinoTidl interſect, which 1s upon the plain at the 
very pomt Z, wherefore there begin to divide the Semi- 
_ circle & GC #, into 12 equal patts at the points © © © exc. 

. Secondly, Lay a RulertoQ, and every of the points 
© © © Ge. and it will cut the XquinoGl in the points 
*** 6. dividing that into 12 unequalparts, 
 Thitdh,A Ruler laid toP;and Op arp points * * * &&g. 


in-the Aquinodial, will catthe plain in the marks []] e*c. 
Rely * Laſt by, 


t 


Laſtly, ARulerlaid from Q to theſeveral marks [|] ec. 


and ſtrait lines drawn thereby, ſhall be the true Hour-lines 


fitting this polar Decling Plain. 

For the Stile, 1t muſt bea Plate or Wire ſet upright up- 
on the Subſtilar to an Angle of 42 deg. 52 min. and muſt 
point upwards to the North Pole. 


The Second V ariety. 
. CHAP. XXIV. 


How to draw the Hour-lines »poz 4 North Reclining Plain, 


Declining Eaſt or Weſt, ' the Plain paſſing through the Mes 
ridian, between the Zenith und the AquinoQtial, 


N this (as-m the former Examples) three things muſt be 
given, and four found, before the Hour-lines can 1 be 


drawn. 
; | deg. min. 
ET. Latitude of the place =. 7 
Data <2. TheDeclination ofthe Plain North W. 60 oo: 
.3. The Plains Reclination a YT »þ 


rt. Thediſtance of the Meridian fromthe Horizon. . 
IN The height of thePoleorStile abovethe Plain. | 


5." - Subſtile diſtance from the Meridian, * 
"of "The Plains difference of Longitude: 


w / irſt, Deſcribe the Circle A'H C O for the plain, and. 
croſs it with the Diameters AC, and H O for the-Horizon- 
tal and Virtical lines thereof. 


Sroonh, (As in the laſt Example,) ſet 16. deg. the Lai 
EClt= 
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Declining Weſ aati(-41 bo © 
Reclining x T 16 


Reclination, from O to 4, and from C to b, a Ruler laid 
from H to a, ſhall give the point B. through which, and 
the points H and O, the Horizontal Circle H B Q is to be 


_ © deſeribed. Aloa Ruler laid from Ho &, ſhall find the 
Zenith point of Z. 
Thirdh, 
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Thirdly, Set the plains Declination 60 deg. from Ato 4d, 
and from H to e: So a Ruler laid from Z to d,ſhall cutthe 
Horizon 1n S the South, and laid from Z to e, ſhall cut it 
in E the Eaſt point thereof ; and now having two points Z 
and S, through them you may draw the Meridian Circle, 
as hath been already taught. 

Fourthly, Lay a Ruler from E to Z, it will cut the Plain 
in F, and 3o deg. 28 min. the Complement of the Latitude 
of the place, ſet from F tof, and a Ruler laid from E to f, 
will cut the Meridian in P the pole of the World, and god. 
more, being ſet forward from f to 2, and a Ruler laid 
from E to , will cut the Meridian in X, the AquinoRtials 
interſection with the Meridian ; fo have you two points A 
and E, through which the /EquizoGial Circle muſt paſs,and 
a right line drawn through P the pole of the World, and 
Q the pole of the Plain, will be the Axis of the World, and 
the Subſtilar line of the Dial. 

Theſe three Circles, viz. the Horizon, Meridian, and AE- 
uinoGial being deſcribed, the fore-mentioned four Requi- 
tes may from thence be eaſily obtained. For, 

I. The diſtance of the Meridian from the Horizon, 1s the 

Arch F H, 64 deg. 29 min. 

2. The height of the Pole or Stile above the Plain PR, A 
Ruler laid from e to P, will cut the plain in » : So 
the diſtance R 7 meaſured, will be found tg be 30d. 

9 min. 

3. The Subſtiles diſtance from the Meridian is the Arch 
IM, 64 deg. 26 min. - 

4. The Plains difference of Longitudeisthe Angle & PQ, 
which to find, lay a Ruler from Pto AX; and it will 
cut the plain in D, the diſtance D I meaſured upon 
the Lineof Chords, will give 76 deg. 10 min. for the 
Plains difference of Longitude. 


To draw the Hour-lines upon the Plain. 
P Firſt, 
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Firſt, Lay a Ruler upon P the Pole of the World, and 
, the interfeftion of the Meridian with the Horizon, and. 
it will cut the plain in D, at which point begin to divide 
the Semicircle & I zz into 12 equal parts, at the points 
© © © &e. ; 

Secondly, Lay a Ruler fromQ_ to the feveral points. 
© © © &#c. and it will divide the Aquinoctial Circle in- 
to 12 unequal parts in the points * ** ec. 

Thirdly, A Ruler laid from P to every of theſe nnequal 
parts *** exc, will cut the plain in theſe marks | | | ee. 
dividing that into 12 other unequal parts. 
 Laſth, If you draw right lines from Q , through every 
of theſe marks | ] | &&c. they ſhall be the true Hour-lines 
belonging to your Plain. 

The Stite may be either of Wire or Plate as in other _ 
Dials, and muſt be elevated above the Subſtye,to an Angle 
of 3o deg. 59 min. and mult ſtand ſquare, or at Right An- | 
ples to the plain. Tt, 


F _— 


—— .,}Þm_w— te 
— — 
 —_ 


The Third Variey.” 


CHAP. XXV. 


How to draw the Hour-lines upon a North Reclining, or In- 
clining Plam, Declining Eaſt or Weſt, which interſes 
the Meridian between the AquinoGtial ad the Horizon. 


Et this third and Taft Example of North Recliners De- - 
{_ clining, be of a North Plain, Reclining 54 deg. and 
Declining' Weſtward 60 deg. mm the Latitude of Loxdon 
5x deg. 32 min. LEA ate STO nth. 3 

This being the third and laſt Variety of Declining Re- 
clining plains, I ſhall be fomewhat the larger m the proje- 
Ction thereof,than I have been inany of the foregoing 3 68 
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but that this Dial is tobe made.in all reſpetts like(and with 
the ſame eaſe) as the former. But herein I ſhall ſhew at 
large the manner of projecion, and how all the Centres are: 
Geometrically found, and the reaſons of their being in ſuch 
and ſuch lines, and at ſuch and ſuch diſtances. And alſo, 
| T ſhall project all the Hour-lines belonging to the Plain 

upon the Plain it ſelf by circular Lines, by which means 
the Reader may attain to a more competent knowledge 
in what hath been heretofore in this Treatiſe delivered. 
For from this projeCtion following, all the aforeſaid hath 
been deduced. And therefore I ſhall deſcribe the manner 
of the delineating of this Dial, according to the following 
Propoſition. 


——_ 
mma 


PROPOSITION. 


A Circle being deſcribed, repreſenting a Declining Reclining 


Dial-Plain; how thereon: to place the Meridian, Horizon, 
AquinoRial, Pole, Zenith, &c. with all other Requiſites 
belonging to ſuch a Dial. And alſo, to proje® the Meridi- 
ans of the Sphere it ſelf upor the Plain, and from thence 
10 draw the Hour-lines pox the Dial-plain, according to 


their true Situation. 


Et the Circle HS O B, repreſent a Dial-plain in the 
B Latitude of Loxdon 51 deg. 32 min. Declining from 
the North towards the Weſt 60 deg. oo min. and Recli- 
ning from the Zenith Northward 54 deg. oo min. 

Firſt, Croſs the Circle with the two Diameters H O, 
and S B, cutting each other at Right Auglesin the Centre 
Q. And becaule the plain reclineth 54 deg. 3o min. take 
54 deg. 30min. out of your Line of Chords, and ſet that 
diſtance upon your plain, frm $ to «, from O to b, and 
from B to c; Then lay a Rapker fromH to 4, and it will - 

S--: t 


place: 
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the LineSBin 7Z, ſo ſhall the point Z be the Zenith of the 


Secondly, Lay a Ruler from H to 6, it will cut the Line 


SBin k, ſo ſhall k be a point inthe lineS B, through which 


the Horizon ſhall paſs: And thus having three pointsH 4k O, 
you may through them deſcribe the Horizon, whoſe Centre | 
will be at #2, the diſtance 2 k being equal to the Secant of 
the Complement of the Reclination of the Plain 3 namely, 
36 deg. Or Geometrically thus. Draw the right line 
k O, which divide into two equal parts in #, and upon the 
point #?, raiſea perpendicular z »z, extending it ti} it cut the 
line S Bin 2, ſo ſhall 2 be the Centre of the- Horizontal 
Circle HO. 

Thirdly, Lay a Ruler from H to cit will cut the line SB 


| {beingextended)in the point N,fo ſhall N be the Nadir point, 


Fourthly, Becauſe the Plain declines 60 deg. from the 
North Weſtward; ſet 60 deg. fromB to d, and laying a 
Ruler to Z the Zenith, (which is alſo the Pole of the Hori- 
zZon)to 4d, it will cut the Horizon in S,through which point 
the Meridian muſt paſs. 

Fifthly, Take (always) go deg. of your Chord, and ſet 
that diſtance from to e, and laying a Ruler from Z toe, it 
will cut the Horizon in W the Weſt point thereof, and a 
line drawn fromW, through Q the Centre of your plain, 
will cut the Horizon (if you extend it as here 1s done) in 
E, the Eaſt point thereof, and in ſome part of thisline (ex- 
tended if need require) will the Centre of the Meridian bes 
and where that point will fall may be thus found, 

Sixthly, Divide the line Z N into two equal parts in F, 
and upon F erect the perpendicular F D, cutting the Line 
Q W (extended) im D, fo ſhall D be the Centre of the Me- 
ridianof the place. 

Seventhly, If with your Compaſſes you take the diſtance 
DP, and with that extent upon D,as a Centre, deſcribea 
Circle, you ſhall find that Circle exadly topals through the 
reſpeCive points Zand N,if there be na formererrour comy 
mittedin your work, | Eighthly, 
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Ejehthly, Becauſe the height of the Pole above the Ho- 
rizon, 1s equal to the Latitude of the place, viz. at Lox 
don 51 deg. 32 min. ſet off 51 deg. 32 min. upon the Me- 
ridian from Sto P, in this manner. 

Ninthly, Lay a Ruler from W, the Weſt point of the 
Horizon, (which 1s alſo the Pole of the operig toS and 
it will cut the Plain in þ,then ſet 51 deg 32min. from htof. 
A Ruler laid from W to f, it will cut the Meridian in P, 
ſo is P the Pole of the World, diſtant from Z the Zenith, 
38 deg. 28 min. and a Line drawn through P the Pole of 
the World, and Q. the Centre of the Plain, will be the 
Axis of the World, and (extended) will cut the Meridiar: 
in M the South Pole. 
 Tenthly, The Meridian and Horizon being thus drawn, 
It is ealie to- deſcribe the /EquinoGal, for if you conſider 
the poſition of that Circle in the Sphere it ſelf, you know 
that it always paſles through the Eaſt and Weſt points of 
the Horizon, and cutteth the Meridiarn at right angles, it 
being in all places go deg. diſtant from either of the Poles. 
Wherefore, if upon W, (the Pole of the Meridian) you 
lay a Ruler to P, the Pole of the World, it will cut the 
Plain 1n.f, and if you ſet go deg from f to g, and lay a 
Ruler from W to.g, it will cut the Meridian in AX, fo have 
you three points,through which the Aquinoctial muſt paſs, 
namely E A and W, and the Centre of the AquinoRial will 
always bein the Axis of the World,extended it.need require. 
To find which, you muſt, 

Eleventhly, Divide the Line W E into-two equal parts in 
G, and from the point G,upon- the line E W, erect the per- 
pendicular G K, cutting . the Axis of. the World in K, fo 
{hall K be the Centre of the Aquinoctial, wherefore, if 
upon K. as a Centre, with the diftance K W, you deſcribe 
a Circle, that ſhall be the Aquinottial, and (if-your work 
be true) ſhall paſs through the points E Aand:W:- Then 
for thedividing of the Aquinottial, 


Twelfth, 
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Twelfthly, Lay a Ruler to P the pole of the World, 
(which is alſo the pole of the AquinoCtial)to Z, theinter- 
ſection of the Meridian and Aquinoctial,and 1t will cut the. 
plain in the point 12 at which point you muſt begin todi- 
'vide the Circle repreſenting your Reclining Declining 
plain into 24 equal parts at the points ©'© © &xc. This 
done, lay the Ruicr to the point P, and every of the 24. e- 
qual parts © © ©, and you ſhall find it to cut the Aqui- 
noctial Circle in the points * ** * ec. dividing that Cir- 
cle into 24 unequal parts, through which unequal parts, 
and the two poles of the World P and M, muſt all the 
Hour-Circles paſs. For the deſcribing whereof you 
mult, | 

Thirteenthly, Divide the live P M into two equal parts 
in the point L, [ or, from the point D, the Centre of the 
Meridian, let fall a perpendicular upon the Axis of the 
World, which will fall in the fame point L, J and through 
the point L, draw an infinite right line at right angles to 
PÞ M, namely, the Line C T.for m thathne will the Centres 
of all the Hour-circles be found, and the manner how to 
find them, is thus (one way ) to be effected. 

Fourteenthly, Upon the point P as a Centre, at the di- 
ſtance PL, [or to any other Radius of a Line of Chords] 
deſcribe the Sermcircle X L V, and divide it into 12 equal 
parts at the points ** * * &c. beginning your diviſion at the 
point J, which is, where the Ruler being laid from P toD 
(the Centre of the Meridian) cuts this laſt drawn Circle. 
Then laying a Ruler from P, upon each of theſe diviſions, 
you ſhall find it tocut theline CT inthe points 15,3045, 
60, &c. on either ide of the point D. And here note,that 
I5 1s the Centre of the firſt hours diſtance from the Meri- 
dian oneither fide thereof, 3o the Centre of the ſecond,and 
45 of the third hours diſtance from the Meridian, ec. 

Fifteenthly, If you place one foot of your Compaſſes up- 
on 15,andextend the other to P'the Pole of the World,and 
with that diſtance deſcribe a Circle, that Circle (hall - 
ne. 
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the firſt hour from the Meridian, and (if your work be 
true )ſhall paſs through M the South Pole,and alſo through 
© 9, the two firſt unequal diviſtons of the EquinoGtial Cir- 
cle, and ſo all the reſt. 

Laſth, If from Q the Centre of your Plain, and the re- 
ſpeative points where the dvicinvie cut the Plain, you 
draw ſtrait lines, thoſe ſhall be the true Hour-lines proper 
for ſuch a Declination and Reclination, as you formed your 
projection for. 


Now the Requiſites belonging to this, and the like -echning 


keclining Plains, are, 


Tore | deg. min, 

f. The height of the Pole above) - fPA 54 43 
the Plam. 

2. The diſtance of the Meridian HT: 13; 31 

-_ Horizon. Frog ir 


; The diſtance of the Subſtile * ſented? PA 56 ar 
” ow the Meridian. | by 
4. The Angle between the two APR 61 47 


Meridians, "FL L 


All which may be meaſured upon the projection, and ſo 

their quantitres found. As, 

t. To find PA, Lay a Ruler from P to w, Where the 
FEquinoGial and the plain do interſect, and the Ruler 
will cut the plain on the other ſide at x, ſo A x mea- 

ſured upon the Line of, Chords, will be 54. d. 43 m 
the height of the pole above the Plain, [ or Þ Q mea- 

| ſured upon a lineof half Tangents, will an 35 d. 
17 7 min. the Complement thereof. 

+ 2, To find HT, the = H F meaſured upon the Lineof 
Chords, will give 53 deg. 31 min. the diſtance of the 
| Mexidian from the Horizon, = 

3: To findT-A,the Arch T A meaſured upon the Line of 

Chords, 
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Chords, will give 56 deg. 41 min. the diſtance of the 
Subſtile from the Meridian | 

4. To find ZPQ, Lay a Ruler toP the Pole of the 
World, and ZE the interſeQtion of the Meridian and 
the Aquinoctial, and it will cut theplain in6,the arch 
0B, meaſured upon the Line of Chords,will be found 
to contain 61 deg. 47 min. which is the Angle between 
the two Meridians. 

Thus have you in this Scheme delivered the true and ge- 
nuine way of delineating of Sun Dials deduced from the 
Sphere it (elf, by which the reaſon of all that hath been be- 
fore delivered, is rendred obvious, and ſufficiently demon- 
ſtrative for this place. But here you ſee that the Centres 
of the Meridians or Hour-circlesfall out to be very remote, 
and that therewill be requireda large Tangent line for their 
deſcription,which will (for the moſt part)runout very far, 
and ſometimes, almoſt to an infinite excurſion. I therefore 
choſe rather to {ſhew how the Hour-lines might be drawn 
without having any regard to this Tanyentline,or without 
projecting of the Hour-lines upon the Circular-plain, and 
therefore the ways before delivered arefar more apt for pra- 
Aice than this, though this be more ſatisfatory to the in- 

uiſitive Reader, who will not be ſatisfied only with the 
F | but of the underſtanding as well of what he does, 
and it 1s for the ſatisfaction of ſuch, that I have here added 
this Propoſition. 


” WER 
——— 
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CHAP. XXVU. 
Concerning Inclining Plains, both DireF and Declining. 


\F Reclining Plains there are but two ſorts,as hath been 
before inſtanced, and thoſe are either Dire# or De- 
clining. The Dire@ are thoſe Reclining Plains which do 


direQtly behold the Ezft, Weſt, North, or South pointsof the 
h Horizon, 
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Horizon. And the Declizers are thoſe which (beſides their 


Reclination from the Zenith) do reſpect two of the fore- 
mentioned Cardinal points, as, | 
(1.) The South and the Weſt. 
' (2) The North and the Weſt. 
(3.) The South and the Eaſe. 
Or, (4.) The North and the Eaſt. 


Firk 7. ous + 
The J Second, fortare North declining Weſt 
©YThird ( called South 


—— Reclining 
{ Fourth NorthFdedlining Eaſt 


I alſo before intimated, and gave Examples, that of di- 
ret Recliners, there were three ſorts, viz. _ | 

r. Such as Reclining from the Zenith, do beholdeither 
the due Eaſt, or due Weſt points of the Horizon; and of 
this ſort there is only one kind,and no Variety in any caſe.---- 

2. South Recliners, of which there are three Varietics.---- 

And 3. North Recliners, of which allo there are three 
Varieties. 

Again, of Recliniug Declining, I told you there were ſix 
Varieties alſo, as there were of Direct Recliners, iz. Three 
of South Declining Plains Reclining, and as many of North 
Reclining Declining Plains; of all which I have given Ex- 
amples, and it may be now expected that I ſhould do the 
like for the Inclining Plains oppoſite to them, of which 
there are alſo as many Varieties, but ſeeing that the making 
of the Reclining Dial, whether Direct or Declining doth 
alſo make the Inclining Dial, whether Direct or Declining 
oppoſite thereunto, I thall ſave the labour, and commend 
to the ingenious Reader ſome few Rules by which he ſhall 
ealily frame the Inclining Dial out of the Recliner. And, 


Q 10OoY 
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I will take for Fx- AB9_enRki-2 3 

ample a South Plain G1 : |. 

Reclining 55 deg. | NUM | / 


which is the Third 
Variety of South Re- + 
cliners, and I would . 
from that deduce the 
Hour-lines proper for | 
a North. plain Incln- 
ing as much, viz. 55 | 
deg. And it 1s eafily 9 
effected. For, 
If you draw the 
Hour-lines of the 


South Recliner 6 A ING | 
© | 


B6, and the Stile 

thereof alſo, quite || 

through the Centre | 
Q, to the oppoſite / "5 
part of the Plain, 6 C | | 


D 6, and fet the ſame E_+__3 7 1i2uwo9, 8D 
numbers to the hours on the right hand in the Recli- 
ner, and the contrary, as the Figure clearly demonſtrates - 
And let the Axis in the North Incliner point downwards 
to the South Pole, as the Axis in the South Recliner doth 
upwards to the North Pole, and your Dial is finiſhed. Or 
you may effect thts work by pricking off the Hour-lines 
through the Paper, and turning it upſide down, and that 
will effect the ſame thing, only changing of the names of 
the hours. Or again, if you turn the. South Reclining 
Ptain, 6 A B 6 about, upon the Centre Q , till the Line 
 ABcometobe nm the place of CD, then will the Hours, 
Stile and all, be truly named and poſited ; and the very 


Sauth Rechner will now become the North Incliner with- 
out any Alteration. 


bl Of 
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I 1. Of Eaft and Weſt Incliners. 


There is little difference in drawing of the Eaſt or Weſt 
Inclining Dials from the Reclining Dials oppoſite to them, 
than there was of drawing of the North Incliner before, 
from the South Recliner; For, 

In the Example of the Eaſt and Weſt Reclining and In- _ 
clining Dial, before going Chapter 10. The Dal as it 
there ſtands, repreſents an Eaſt or Weſt Reclining Plain. 
But if you turn the Dial about upon the CentreQ,, till the 
letter N come to be in the place of the letter S, in that Fi- 
gure, then will the ſame Dial repreſent both an Eaſt and 
Weſt Dial Inclining 35 dep. as now it doth an Eaſt or Weſt 
Reclining as much, The Subſtile, Stile, Meridian, and the 
reſt of the Hour-lines retaining the ſame names or deno- 
minations, as now they do. 


ITI. Of North or South Declining Inclining Plains. 


Of North and South Reclining Declining Plains, there 
were Six Varieties, Examples of each have been largely gi- 
ven, There are as many of North and South Incliners, but 
ſeeing they may be ſo calily deduced out of their oppolite 
Recliners, I {hall forbear giving examples, and the way is 
not much differing from the Rules before given for Direct 
Reclining and Inclining Plains. For ſeeing the Reclinati- 
on is alike proper to each, and the Deflexion of the Sub- 
ſtile from the Meridian in the Declinations do ſo directly 
agree, they may both be reduced to one and the ſame Dial 
as the other were. PN 

Thus, If any Rechning Dial be fo inverted, that the up- 
per part thereof, become the nether, andafter this inverſion 
the right ſide of the Recliner, become theleft fide of the In- 
cliner,and the contrary, the Inclining Dial having the fame 
declination,ſhall be framed out of the Recliner,and the con- 
trary. Only the denominations of the Hours mult be chang- 
ed. For the Forenoon hours' in the Recliner, wilt be the 
Afternoon hours in the Incliner, and the Afternoon hours 
of the uppet Dial, the Forenoon hours of the nether. 

Q 2 CHAP. 
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: A General Rule to know which Pole, whether the North or th 
South 7s to be elevated over any Plain. Wh 


'T2 Stile of every Dial reſpe&eth (or rather lieth pa- 
rallel with)the Axis of the World,and always point- 
eth upwards or downwards, to one of the Poles. Now 
when you have drawn your Dial (though truly) you may 
be to ſeek, whether it it be the North or the South Pole 
that muſt be elevated ; wherefore to avoid any miſtake, 
and toinform you which Pole is to be elevated. Obſerve 
this General Rule. ; 


Upon all Upright Plains, c South* South 
whether direct or de'3 Cle the Cole 
clining, upon the North North 


\ the$ ( Pole. 
Incliners ; {South | 


Upon all Faſt wy {North} 


_ and Weſt 


{ North Recliners? whether 7} North] _ 
Upon all 3 > Direct or > 7 Pole. 
! South Incliners ; Declining | South } 


South Re- wwhe- -\F7Fche ”_— ind COouth - 


Up-Acliners ther AY pain 
dire&\_ _ | the 
on orde- IP b& >Nadir Pole, North ÞPole.. 


all /North In-\, clin. c—_ \ | 
cliners Jing te Horizon the | South 


This Rule being duly obſerved, there will be no difficulty 
to find which Pole is elevated, 


A Second 


(17) 
A 


| Second Way 
DIALLING. 


GEOMETRICALLY Performed. 


PART IL 


1 
—— 


[N the foregoing Firſt Part, you have a moſt abſolute 

and perfect way of delincating of S#ur-Dials upon all 
ſorts of "Plain Juperficies 1 What poſition ſoever ſituate, 
and in any Latitude, whether the Plains be Dire@, or do 
Decline, or whether they both Decline or Recline : And al- 
ſo you may there find, not only the manner how to make 
_Dials, but to know the Grounds and Reaſon of Dials, de- 
duced from the Sphere or Globe projected i plano, upon the 
Dial-Plains Superficies. 

But notwithſtanding the ExaCtneſs and Rationality 
of delineating of Houy-lines upon all Plains, and m 
all Places, as 1s before taught; yet the ways there 
delivered, may (in ſome caſes, at ſome times) be found 
inconvenient to put 1n practice: As (t) When the Cer- 
#res of ſome of the Circles fall out to. be very remote. 


(2) When. 
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(2) When the unequal Diviſions of the ZEquino@ial 


al-plain but the Hour-lines themſelves. | 


In this Secoud Way, I ſhall be brief , beginning fir 


treat of them. Wherefore to proceed, 


_— 


Cir- 


cle come very near or cloſe together, which they will al- 
ways do, when the Pole hath but ſmall Elevation above 
the Plain, and ſuch like. For the removal of which In- . 
conveniencies, I ſhall in this Second Part add another Geg- 
metrical Way of Dialling, which ſhall be both Plain,Eafie,Ex- - 
at,and of Quick diſpatch 3 and all of it performed by ſtrait 
Lines, and not by Circular Lines, as the former way re- 
quires. And moreover, this Second Way hath a Conveni- 
ence, which moſt other Geometrical ways of Dialling are 
culpable of, namely, to out-run the Limits of the Plain, 
by almoſt infinite Excurſions : For in this way, having 
firſt made a Preparative Scheme upon Paper (or Paſtboard 
rather) you {hall have very few Lines to draw upon theDi- 


{t to 


ſhew how to deſcribe the Hour-lines upon QOpright Decl;- 
ning Plains; referring the delineation of Hours upon the 
Horizontal full North South, Eaſt and Weſt Plains (whether 
Upright or Reclining)till afterwards: And the Reaſon for 
my ſo doing, will of it ſelf appear, when I ſhall come to 


—_— 


: Section |. 


_ tude of London 51 deg. 32 min. 


Hour-lines upon the Plain, you owſt firſt draw your 
parative Scheme, as falloweth, ab 0 


I. 


How to draw Hour-lines upon an QOprieht South Plain Deel;- 
wing from the South towards the Weſt 20 deg. in the Lati- 


'Aving the Latitude of the Place, and the Declination 
of your Plain given, before you come to draw the 


Pre- 


How 


-— 


FR 
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I. How to-draw a Pteparative Schetne ſnitable to any 
Deolination in any Latithde. 


'Firft; With 66 deg. ot the Radius of yonr Scale of 
Chords, defcribe the Quadrant of 4 Circle A B D, exteti- 
ding the fide B A to C, fo that A C be equal to A B: And 
then draw the right line D C. 

, Secondly, On the point B, ere& the perpendicular 
7h. 

Thirdly, Take 51 deg. 3o min. (the Latitude) out of 
your Scale of Chords, and ſet them from B to F, and from 
D to G, and laying a Ruler from A, to F and G, draw the 
two Lines F K, and GI. 

_ Sourthly, From the point G, draw the Line G H, paral- 
lel to D A, or perpendicular to B A. 

Fifthly, Take 20 deg. (the Plains D=clination) out of 
your Scale of Chords, and ſet them from D to E, and 
through the point E, draw the Line E L, parallel to 
D A. 

Sixthly, With 60 deg. (or the Radius of your Scale of 
Chords) taken in your Compaſles,ſct one foot in the point: 
D. and with the other deſcribe the: Arch A O, which di- 
vide into three equal parts, in the points P and Q , forthe 
whole hours, each of which three Hour-fpaces AP, PQ, 
and Q O, divide into four equal parts at X**, **F, ** *, 
for halts and quarters of hours. Which done, if youlaya 
Ruler to the point D, and the points P and Q., the Ru- 
ler will cut the Lme A Cin thepoints 2 10, ana I It,and 
by thele points the Line A C is divided into four unequal 
parts in the points 39, 2 Io, I It and 12, reprefenting three 
hours. And if from D,you lay aRulerover the ſeveral points 
*X** exc. they ſhall divide the ſeveral ſpaces in the Hour- 
line AC into four unequal parts for halfs and Quarters of 
Hours. And thus is your Preparative Scheme 1o far finifhed. 
Wherefore now let us proceed, 


Il. Ie 
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II. To draw the Meridian, Sti le, Subftile, and Howur-limes 


upon the Plain it ſelf. 


- Firſts, Upon. your Dial-plain, draw a get Line asST, 
for the Meridian, and Hour-line of 12. Upon which, aſ- 
ſign any convenient point, as R, for the Centre of your 
Dial; through which point R, draw the Line R W, per- 
pendicular toS T. | 
Secondly, Out of your Preparative Scheme take the Line 
B K, and ſet it upon your Dial-plain, from R to T; alſo, 
from the Preparative Scheme, take B I, and ſet 1t on your 
Dial-plain from R to W, on the right hand, becauſe the 
Plain declineth Weſt, and from T to V, make the Re&- 
angled Parallelogram R W T V on the Eaſt fide. 
hirdly, Out of the Preparative Scheme, take the Line 
L A, and ſet it upon the Dial-plain from T to X, and from 
W to ©, and draw: the Lines R X for the Subſtilar Line, 
and R © for the Hour-line of Six, which draw quite 
through the Centre R. o 
 Fourthly, Out of your Preparative Scheme, take the Line 
E L., and ſet it upon your Dial-plain from R to 12, and 
from X to Y, perpendicular to.R X, and draw the Line 
R Y for-the Axis (or Stile of your Dial.) 
Fifthly, Out of your Preparative Scheme, take the line 
G H, and-ſet it on your Dial-plain from R to Z, anddraw 
the line Z 6, parallel to W Y, till it cut the Hour-line of 
SIX 1N 6. 
Sixthly, Make R 6 above the Centre, equal to R 6 be- 
low the Centre, and draw the two Lines 12 6, and 12 6. 
Seventhly, Out of your Dial-plain, take the length of 
the Lines 12 6, and 12 6, and fet them upon the Prepa- 
rative Scheme from B to b, and fromBto a. And laying 
a Ruler from C to a, draw the Lines M C, and N C. 
Laſtly, From the point A or 3,9, take the neareſt diſtance 
tothe Line N C,and ſet that diſtanceupon your as 
[OM 
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from 12 to9, or from 6 to 9, for it will (if you work 
truly) divide the Line 6, 12 into two equal parts in g. Al- 
ſo ſet one foot of the Compalles in the point 2, 10 in the 
Line A C of the Preparative Scheme, with the other take 
the neareſt diſtance to the Line N C, and ſet that diſtance 
upon your Dzal-plain, from 12 to 8,and from 6 to Io. ----- 
Again,ſctting one foot of the Compalles in the point 1, 11, 
in the Line A C of the Preparative Scheme, with the other, 
take the neareſt diſtance to the Line N C, and ſet that di- 
ſtance from 12 to I1, and from6to 7. So 1s the longer 
Line 6, 12 on your Dial-plain, divided into Six unequal 
parts in the points 7, 8, 9, Io and 11; through which 
points, Lines drawn from the Centre R, ſhall be the true 
Fore-noon Hours. ; Ih 

| For the Afternoon hours,the ſhorter Line 12, 6. on your 
Dial-plain, muſt be divided from the Line A C in the Pre- 


parative Scheme, as the longer Line 12, 6 was before divi- | 


ded ; by taking the leaſt diſtance from A or 9, 3 to the line 
M C, and ſetting it from 12 to 3, or from 6 to3. Al- 
ſo the leaſt diſtance from 2, 10, to M C, in the Preparative 
Scheme, will reach from 12 to 2,and from 6 to 4.---- Like- 
wiſe the leaſt diſtance taken from 1, 11, to the Line M C, 
in the Precparative Scheme, will reach from 12 to 1, and 
from 6 to 5. So is the ſhorter Line-12 6, on the Dial- 
Plain, divided into fix unequal parts in the Points 1, 2, 
3, 4, 5- Through which points, and the Centre R, right 
Lines being drawn,they ſhall be the true Afternoon Hour- 
lines upon the Plain. And ſo is your Dial fimſhed. 

If you would inſert the Halfs and the Quarters of Hours 
into your Plain. you may eaſily do it, if from the Prepa- 
rative Scheme you take the neareſt diſtance from the Half 
and Quarter points in the Line A C, and transfer them 
to the Lines 12, 6, and 12, 6,:n the Dial-Plain. 


- 
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Seaion. I 1. 


How to deſeribe Hour-lines upon the Horizontal Full S onth, 
North, Eaft and Weſt Ere@ or Reclining Plains. | 


N theſe kind of Plains, which dire&ly behold the Four 
| Cardinal North, South, Eaft and Weſt points, the La- 
titude of the place, and Reclinatton of the Plain being 
known, there 1s nothing required, but to know the Ele- 
vation, or height of the Pole above the Plain, which, how to 
find, is ſufficiently taught in the Fourth and Fifth SeGions 
of the Fourth Part of this Book : And therefore I ſhall not 
here repeat the ſame again, but refer you to thoſe fore- 
mentioned Fourth and Fifth Se@3ons of the Fourth Part 
hereof, Wherefore, todraw Hours upon any of theſe E- 
red, DireF, or Dire# Reclining Plains, when the height 
of the Pole-ar Stile above the Plain is found, you have no 
more to.do: but, 7 ; 

Firſt, Draw a right line A B for the Hour-line of Six, 
and another at right Angles thereto, for the Hour-line of 
22.25 the Line ©: i ils no; | 

_ Secondly, With the-Radius of your Line: of Chords 60d.. 
upon, © as a Centre, deſcribe the Semicircle AX B. And: 
the height of the Pole above the Plain being known, (as. 
for an Horizontal Dial for London, where the Pole is ele- 
vated 5x deg. [30 min.) Take.'5+ deg..30. min; from your 
Choxd, and tet them'upon the: Semicnucle fromX to: F, and 
from NX to.I,. and through-the potnts F and F, draw: the 
Emes 6 F and 6 1, parallel to © X, and draw. the Lines. 
X 6 and X 6 on either fide of the Meridian. . © 

Thirdly, (Having recourſe tq your former Proparative 
Scheme) take in your Compaſſes the length of the Line X 6, 
and. ſet it upon the Preparative Scheme from B to c, and 
hying a Ruler from A. to c, draw the pricked Line C A. 

FE ourthly., 
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Fouithly,In the P reparative Scheme from the point A org, z, 
take the neareſt diſtance to the pricked Line A C, and ſet 
it upon the Lines X 6, and X 6, from X to 3, and from 
X to 9. Alſo. from. the point 2, 10, in the Line A © 
of the Preparative Scheme, take the neareſt diſtance to the 
pricked Line AD, and that diſtance ſet upon the Lines 
X 6, and X6, from X to 10 and 2, and froms to 8, and 
from 6 to 4. — Likewiſe, take the neareſt diſtance from 
the point I, 11, in the Line A C ofthe Preparative Scheme, 
to the pricked line A C,which diſtance will reach from X 
toil, and from X to I, and alſo from 6 to 5, and from 
6 to7. Soare the twoLines X 6 and X 6 divided each 
of them into ſix unequal parts, the one 1m the points x, 2, 
3, 4, and''5, and the other in the points 11, ro, 9g, Band 7. 
Through which points, right Lines drawn from the Cen- 
tre ©; they {hall be the true Hour-lines proper for an Ho- 
7jzontal Dial, for the Latitude of Loxdor 51 deg. 32 min. 

For the Stile of this Dial, a Line drawn from the Cen- 
__ - tre ©, through either of the points F and T, ſhall re- 
_ _ . preſent the Axis of the World, or Stike of the Dial. 


Ts For a Vertical or Eref# South Dial for the ſame Lati- 
| tude 51 deg. 32 min. FA 


The height of the Pole above a South Plaiz in the La- 
titude of 51 deg. 32 min. is 38 deg. 28 min. the Comple- 
ment of the: Latitude. Wherefore, 

Firſt, Take 38 deg. .28 min. from your Scale of Chords, 
and ſet them from X t9'G, -and from X to H, and draw 
the Lines X M and X D,' parallel to © X. 

" Secondly, Take the length of the'Line X M and X D, 
and apply it to your Preparative Scheme, ſetting it from B 
to d, and laying a Ruler from C to d, draw another prick- 
ebhiine&eC@o:t5 7 7 fv fr 2 - eee 

Thirdly, The neareſt diſtances taken from the points A, 
2, 10,and 1, 11, in the Lane A Cof the Preparative ng, 

\. 2 W 
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_ will (being transferred from thence to the Djal-plain) di- 
vide the Lines X M and X D, each of them into fix une- 
qual parts, through which diviſions, and the Centre ©, 
Lines being drawn, they ſhall be the true Hour-lines of an 
Ere& South Dial 1n the Latitude of Loudon. 

A Line drawn from © (the Centre of the Dial )through 


the points H or G, ſhall repreſent the Axis of the 
World, and be the Stile of this Dial. 


For a Dire&# North Reclining Plain. 


Let our Example be of a Dire North Plain Reclining 
from the Zenith 25 deg. and ſuch a Dial is deſcribed in 
the 17th. Chapter of the Firſt Part, and the height of the 
Pole or Stile above the Plain, was there found to be 63 d. 
28 min. And ſo it will be found tobe by the Rule deliver- 
ep 4 the Fifth SeJiov of the Fourth Part of this 

ook. } 

Firſt, The height of the Stile being found to be 63 d. 
28 min. take 63 deg. 28 min. from the Scale. of Chords, 
and ſet them from X to E, and from X to K, and draw the 
Lines E C, anp R D, parallel to the Meridian © X. Alſo, 
draw the Lines X Cand X D. | 

Secondly, Take the length of the Line X Cor XD, and 
{et it upon the Preparative Scheme from B toe, and draw 
a third pricked Line as e C. Un Ot 

Thirdly, The neareſt diſtances taken from the points A, 
2, Io, and x, x1, in the Line A C, ſhall (being ſet upon 
the Lines.X C and X D) divide them each into Six une- 
qual parts 3 through which, and the Centre'©,/right.lines 
being drawn, they ſhall be the true Hour-lines of a North 
Dire# Plain Reclining 25 deg. the Latitude of Lon- 
don. ; 

The Stile muſt be drawn from the Centre ©, through 
the point E. or K. 


Fox 
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For Dire# Eaft or Weſt Plains, whether Ere&® or Re- 


clining. 


For Ere&® Dire Plains, where the Hour-lines are paral- 
le] one to another, the Stile or Pole having no Elevation, 
the beſt way to make them, is, as is directed in the S7xth 


Chapter of the Firſs Part. And therefore in this place, 


nothing more need be ſaid concerning them. Bur, 
For Eaft and Weft Recliners. 


The beſt way to deal with thefe kind of Plains, is to 
refer them to a new Latitude, and to a new Delineation in 
that zew Latitzde, both which are eaſily attained by this 
following GENERAL RULE. : 


1. The New Latitude, is always the Complement of the 


Old Latitude. 


2. The New Declnation in that New Latitude is the Com- 
plement of the Reclination. 


So that if a Dire& Eaſt Plain, in the Latitude of Lox- 
ton 5 1 deg. 32 min. ſhould Recline 40 deg. and you would 
find the New Latitude and New Declination; 

Firſt, The Complement of the Old Latitude 51 deg. 


32 min. 1s 38 deg. 28 min. And that muſt be the New 


Latitude. 
Secondly, The Reclination being 40 deg. The Comple- 


ment thereof is 50 deg. And that is.the New Declinati-- 


$o that if by the dire&ions of the Firſt Se&ior hereof 
you make an EreF Dial to. decline 50 deg. in-the Latitude 


on 


of 38 deg. 28 min. that Djal ſhall ſerve for an.Eaſt or Weſs 
Dial, Reclining 40d. in the Latitude of 51 d. 32m. 


Thirdly, Although this Declining Plain be truly made, 
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yet the placing of it upon the Dial-Plaiz, differeth from 
Ere& Plains : For, 1n all Ere& Declining Plains, the Hour- 
line of 12 is always perpendicular to the Horizontal Line 
of the Plain. Son all Eaſt and Weſt Reclining Plains, the : 
Hour-line of 12 muſt lie parallel to the Horizontal Line of 
the Plain. As you may ſee in the F7gyre Chap. 10,0f Part 
the Firſt. 

It may here be expeCted,that I ſhould ſay ſomething con- 
cerning Declining Reclining Plains, which this Geometrical 
way will very well perform, by referring them to a New 
Latitude, and a New Declination, where they will become 
Ere&# Declining Plains; but for that the performance there- 
of, this way, would require. many Schemes, and that there 
are Three ways in this Book, already taught, how to effe& 
the ſame by other means, I thought good to omit them in 
'this*placez and to give Examples in Greg DireG, in Dire# ' 
Reclining, and in Ere# Declining Plains, (as being of all 
others the moſt uſeful. ) And ſo I ſhall conclude this. Se- 
.cond Geometrical Way of Dialling. dS, 
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DIA LLING, 
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INSTRUMENTALLY. 
FF. PERFORMED: 


By x Plain, Cheap, and Portable Inſtrument, accommo- 
dated with Lines neceſſary for that purpoſe. 


PART. III: 


PR" . —_. La. 
6th... te. AA. on tt Po 


CHAP.L 


A” Deſcription of the Inſtrament: 


TT Inſtrument may moſt conveniently be made np-- 
of a thin Plate of Brafs (the thinner the better.) 
Let it be made in theform of a Right-angled Triangle, one - 
of the ſ1des containing the right _ being in the Figure 
marked with A B, let it be divided as a Line of Natural: 
Sines,, and'the other fide noted with A C, let be divided: 
as aline of Natural Tangents, of ſych a length that it may: 
_ contain 75; degrees atthe leaſt of the fame Radms withthe- 
Line of Sines. Let both the Sines and Fangents be num- 
| bered from A, by 10, 20, 30, &c. according tothe uſual: . 
- manner, the Stnes to go deg. and: the Tangents to 75/ or 
upwards —— The: diviſions of. both theſe lines muſt be 
Te graduated! 


128 Geometrical Dialling. 


raduated cloſe to the outer edges of the Braſs as Protra- 
Kors are uſually divided, and the Metal not exceeding that 
thickneſs. On the third edge B C, is graduated a line 
of double Tangents of any Radius, fuch as the line is ca- 
pable to receive 45 deg. on either fide from the middle 
thereof, from D toE 45 deg. and from D to F as many ; 
which Tangents are to be numbred not into degrees of a 
Circle, bur into degrees of Time, allowing 15 deg. to x 
hour, 3o for 2 hours, and 45 for 3 hours, and the other 1n- 
termediate parts for Halfs and Quatrers, and in larger In- 
ſtruments into ſmaller parts This I call the Scale of 
hours, and muſt be numbred as in the Figare XIl,ftandin 
at one end, and VI at the other end thereof, IX and III in 
the middle, and the reſt in order, as in the Figure----- And 
it were not amils, if the Tangent line A C were marked at 
the degrees of Time, as well as into degrees of the Circle, 
which will be uſeful in the deſcription of Eaſt, Welt, and 
Aquinottial Dials both dire and declining. 

In ſome convenient place of the Plate you may have one, 
two or three Lines of Chords to ſeveral Radius's, which 
will perform the work of the Firſt Part of this Book, and 
will alſo be ſerviceable in this. EL 

Alſo it would be neceſlary that the other ſide of the Plate 
were graduated for the Lines of Sines and Tangents, in all 
reſpects, as the fore-fide: But for the line of hours it were 
not amiſs to have two or three of them of ſeveral lengths, 
as in practice you may find occaſion for, though one will do 
all. And this may eaſily and commodiouſly be done if the 
middle of the Plate becut out,and thenon all theinner edges 
of the Plate, you may have ſeveral Lines of hours, and be- 
tween them Chords alſo. A Quadrant alſo may be proje- 
ted upon this Inſtrument, and then 1t will be ſerviceable 
to takea declination of a Plain; for by it you may find the 
Azimuth. The Inſtrument thus fitted will be very portable, 
- andvery exaCtand eaſiein practice. For theſe laſt mention- 
ed parts, I leave them to the diſcretion of the: Artificer, or 
Te 


the will of the Owner, the firſt three lines being ſifficient 
to perform all the following works, This Inſtrument thus 


made, I call (in reſpect of the Figure of it) an Horologionl 


Trigon. The uſes whereof are exhibited 1n the following 
Chapters. 


_—__. - ad. 


CHAP. II 


Ln 


How to draw the Hour-lines upon all ſorts of Dire& Plains,by 
help of the Horological Trigon. 


[als may be delineated upon allſorts of Plain Superfi- 

cies, by help of this TRIGONAL INSTRUMENT. 

And that I may retain herein the like Method as I have ob- 
ſerved in the Three foregoing Treatiſes, I ſhall begin with 
the Dire# Plains firſt, and from them proceed to the Ob- 
lizzue. And in my profecution hereof, I ſhall more lightly 
paſs over ſuch things as I have in the firſt Part more $ar- 
ticularly handled, fo by this means the ſubſequent Treatiſe 
will be the more brief, and the leſs cumbred with Precepts - 


And I ſhall begin with ſuch Plains as are Dire#, whether 
Ere& or Reclining. 


emaad 


Section I. 


How to draw the Hour-lines upon a Vertical or Horizontal 
Plain, as alſo upon any dire North or South Plainiz any 
Latitude, whether Ere& or Reclining. 


Here is no difference in the conſtruction of theſe fe- 
veral ſorts of Dials, the height of the Pole or Stile 

above the Plain being firſt attained, which how to effec, 
s at large taught Geometrically in the Firſt and Soon 
| | _ | art, 
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r30' Geometrical Dialling. 
Part, Chap. 3. and in the Fourth Part, Set. 1. and there. 


fore in this place will be needleſs to recite, Wherefore let 
us take one Example for all, viz. 


To draw the Hour-lines on a Vertical or Horizontal Plaiy, 
in the Latitude 51 deg. 32 min. 


Firſt, Upon your Plain(or upon a Sheet of Paper)draw 
a right line A B for the Meridian (or hour-line of 12,) and 
aſligning any point therein (as A) for the Centre of your 
Dial, through it draw the line C A D at right Angles-for 
the Hour-line of 6. 

Secondly, Lay the Centre of your I rigon, to the Centre 
of your Dial, ſo that the Tangent-line thereof may lie 
—_ the Line of 12, and the Line of Sines upon the Line 
of SIX. 


Se }  : Jo 
Thirdly, With a Needle (or protratting Pin) mede 
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Mark upon the Meridian Line, againſt (the Radius or) 
45 deg. as the point E, And upon the line of 6 make ano- 
ther mark, againſt the Sine of your Stiles height(in this Ex- 
ample noink 51 deg. 32 min.)as at F,and draw thelineE F.. 
Do the like on the other ſide of the Meridian line, by ma- 
king AG equal to AF, and draw the Line E G. 

Fourthly, Divide the linesE Fand E G(each of them )in- 
to two equal parts,inthe points 9 and 3,and from the Centre 
of your ' Dial through theſe points 9 and 3,draw two right 
lines, which ſhall be the Hour-lines of 9g and 2 of theClock. 

Fifthly, For the drawing of the reſt of the hours, lay 
the Line of Hours upon your. Trigon to your Plain,in ſuch 
manner, that the point or end thereof noted with 6, ang 
the other end or point thereof noted with 12, may juſtly 
touch the Hour-lines of 12 and 6 upon your Dial-plain, 
and move the Line of hours between the two Hour-lines 
of 12 and 6 backwards or forwards (as occaſion ſhall re- 
quire) till the middle of the Line of Hours, noted with the 
hours 9 and 3, reſt juſt upon the Hour-line of 9 or 3 upon 
your Plain ---- Your Line of Hours lying in this poſition 
with your protracting Pin (or Needle) make marks upon 
your Plain, againſt every Hour, half and Quarter, as the 
points *** ec, ------- And from the Centre of your Dial, 
(through theſe reſpective points)draw right Lines and they 
ſhall be the true Hour-lines proper to your Plain. 

Do the like on the other ſide of the Meridian for the 
Afternoon hours, and your Hour-lines are all drawn,except 
thoſe before 6 in the morning, and after 6at night, which, 
muſt be drawn through the Centre, according to the dire- 
ion given in Part I. Chap. 3. 

It may ſeem at firſt ſomething difficult to enter the line 

of Hours upon your Trigos,,between the Hour-lines of 
I2 and 6, and o as the point 9g or 3 may reſt upon 
the Hour-line of 9 or 3 aiſo; but know there isno diffi- 
culty at all, but wonderful eafie, and ſo expeditious, 
that the T73gor is prepared to prick down all the 
EE S 2 Hours, 
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hours, halfs and quarters, as ſoon as you could with 
your Compaſles, take one of them out of a Scale, 
and will pive you the hour points upon the Plain 
more exaCt than you can ſet them well off with the 
Compalles ---- And farther Note, that your 1rigonly- 
Ng 1n this poſition, the Line of hours on your Trij- 
gon, Will always lie parallel tothe lines E F, and E G. 
if there be no formererrour. 

Laftly, For the height of the Stile above the Plain (itis 
in this Example, equal to the Latitude of the place 51 deg. 
32 min.) this you may ſet off by a Line of Chords (as hath 
been often ſhewed before) but by the Trigon thus ---- Lay 
the Centre of your Trigon Upon the point E,the line of Sines 
lying upon the Meridian (or 12 a Clock) line, then againkt 
the Tangent of 51 deg. 32 min. make a mark as H, and 
draw the line A H for the Stile, ſo is your Dial finiſhed. 

And according to this precept may the Hour-lines upon 
all North and South Dire& Plains bedrawn, without any far- 
ther trouble,and ſo for ſuch plains,let this one precept ſuffice. 


___—_—_—— 


Section I I. 


How to draw the Hour-lines upon the Dire@ Eaſt Weſt upright 
and XquinoQial Reclining Plains, by help of the Trigon. 


Ur Example ſhall be of an Eaſt Ere& Dire& Plain in 
F the Latitude of 51 deg. 32 min. Wherefore, 

Firſt, Draw (by the direftions in. Part I. Chapter 6. 
a Right-Line A B for the Aquinoctial,, and in any 
point thereof, as at C, draw a right line DCECat right An- 
olesthereunto) for the Hour-line of 6. 

Secondly, Aſſign any point of the Hour-line of 6, (pro- 
portional to the bigneſsof your Plain)as F for the height of 
your perpendicular Stile or Gnomon. 

| | Thirdly, 
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Thirdly, Lay the [rigor to your Plain, ſo that the Line 
of Sines may lie juſt upon the Hour-line of 6, and the end 
thereof at 90 deg. upon the point F ----- The Trigon lying 
in this poſition, with your Needle or protracting Pin,make 
marks upon your Plain, by the fide of the Tangent line up- 
on your Trigoy, at every hour, half and quarter, at the 
marks *** exc, (for the Tangent line upon the Trigon, is 
divided into hours and parts of time,as well as into degrees 
and minutes. ) 
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Fourthly, Lay a Ruler to F,and every one of theſe hours, 
halfs and quarters,and where the Ruler crofſeth the Aqui- 
nottial Line of the Plain A B, as at the points © © ©, @c. 
through thoſe points draw right lines parallel to the Hour- 
line of 6, and they ſhall be the-true Hours proper for your 
Plain. 

For the hours before 6 inthe morning on the Eaſt Dial, 
and after 6 at night on the Weſ# Dial, the ſame diſtances ſet 
backwards upon the Aquinoctial-line, will give you thoſe 
points as is directed in Part I, Chap. 6. 


Note, 
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Note, If you make your Dial anſwerable to the bigneſ; 
of your Trigor, much of the labour in making of this 
Dial will be ſaved : For, when you have drawn AB 
the Xquinottia), and croſſed it at right Angles, with 
the Line C DE for the Hour-line of 6 ------ Lay the 
Centre of the Trigoz upon the point D, and the Tan- - 
gent line of the Trigon upon the Aquinoctial Line of 
the Plain, and ſo making marks at every hour, half, 
and quarter,lines drawn through thoſe points parallel 
to the Hour-line of 6,ſhall be the true hours proper for 
the Plain---- And here note alſo, that the Line A B 
firſt drawn, muſt make an Angle with the Horizontal 
Plain, equal to the Complement of the Latitude of 

the place, for which the Dial 1s made. 

© What is ſaid of the Eaſt Plain, the ſame 1s to be under- 

ſtood of the Welt, as in Part I. Chap 6. and the ſame of 

the XquinoQtial Plain alſo, only the 6 a Clock Hour-line 
in theſe Plains, is the 12 a Clock Hour-line in thoſe, as in 

Part I. Chap. 12 1s ſufficiently explained. 


Jp— 
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CHAP. III. 


How to draw Hour-lines upon any Ere@ Plain,Declining Eaſt 
or Weſt, by help of the Horological Trigon. 


Heſe are the Dials, which (of all others) are moſt in 
uſe, and therefore will require the more care in the 
practice of the making of them; and that I may remove all 
difficulties that may ariſe in the making of them at any time, 
T ſhall bethe more large in this particular,for (indeed) up- 
on the making of theſe Dials 1n all Latitudes, doth depend 
the making of all other Oblique Dials, whether Reclining 
or Inclining, as hereafter ſhall be taught. 


SECT. 
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Sedtion l. 


How to deſcribe the Hour-lines upon an EreC or Upright Plain, 
Declining from the South Eaſtward 3o deg. in the Lati- 
titude of 51 deg. 3o min. 


wk Draw a perpendicular or down-right line A 12 B, 
þ or the Meridian and Hour-line of 12,and making choice 
of ſome convenient point therein, as A, for the Centre of 
your Dial, draw through that point an Horizontal Line 
M A N. | 


as —_ / C———S 9 . ———————————_ 


of the Trigon, to the Cen- 
may lie up- 
the Line of Tangents upon the line: 
Tangent of the Latitude of the place 
make a mark at B, and alſo at the One 
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'he Latitude 51 deg. 32 min. make another mark at H. 
Thirdly, Remove the Trigon, laying the Centre thereof 
to B, and the Line of Tangents upon B A, and againſt the 
Sine of the Declination :3o deg. make a mark, as E, and 
lraw the Line AE for the Subſtilar line of the Dial, 

Fourthly, Upon the point EF, ered a perpendicular, and 
laying the Centre of the Trigor upon E, and the Line of 
Sines upon the perpendicular, make a mark againſt the Co- 
Sine of the Plains Declination 60 deg. as at F,and draw the 
Line A FfortheStile. 
 Fiſihbly, Laying the Centre of the Trigon to B, and the 

line of Sines upon AB, make a mark againſt the Co-Tangent 
of the Latitude of the place 33 deg. 28 min. as at D, and 
through the point D draw the lineD Cparallelto AB. 

Sixthly, Take in your Compaſles the diſtance B E, and 
ſet it upon the line C D from C to G, and draw the Line 
A G forthe Hour-line of 6, quite through the Centre, asthe 
line6 A 6. 

Seventhly, Through the point H, draw the lineH R, pa- 
ralle! to AB, cutting the Hour-lineof 6 1n the point 6, and 
make A 6 above the Centre,equal to A 6 below the Centre, 
and theline A 12, equal to E F,drawing thelines 12, 6, and 
12, 6, which divide into two equal farts in the points 
9 and 3.and draw the lines A 9 and A 3,for the Hour-lines 
of Nine and Three. 

Eighthly, Apply the Line of Hours upon your Trigon, be- 
tween the Hour-lines of 6 and 12, fo that 9 and 3 may reſt 
upon 9 and 3 as hath been before preſcribed, and make 
marks at the ſeveral hours, as the points *** ec. through 
which points, and the Centre A, draw the hours, and ſo the 
halfs and quarters, if you pleaſe, : 

For the line of 5 in the mornivg, it is drawn by extend- 
10g the Hour-line of 5 at night throughthe Centre. Andin 
the making of this Dial, you have made four Dials as 1sde- 
_ clared, and largly inſiſted upon, Part I. Chap. 8. and there- 
fore no more need be ſaid of it in this place. 


Theſe 
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Theſe Precepts here delivered,are ſufficient for the mak- * 
ing of Upright Declining Dials in any Latitude, but 
moſt conveniently in theſe middle Latitudes,under the 
temperate Zones;in the Torrid and Frigid Zones there 
may fall out ſome Inconveniencies, for when the Lati- 
tude is either very great or very ſinall,ſuch as thelines 
on the Trigox are net capable to receive, there are 
other means to- remedy thoſe Inconveniencies, which 
ſhall be cleared by the twofollowing Prapolitiens,one 
whereof, ſhall ſhew how to' effe& the work of this 
Chapter, When the. Latitude is very ſmall, the other 
when it 1 very great. 


th... 
LD Otm— ——— — 


Section I I. 
PROP. 


To draw an Upright Declining Dial in ſucha Latitude, where 
the Pole hath but ſmall Elevation. 'D 


Let the Example be of an Upright South Plain Declining 
Eaſtward 3o deg-ltthe Latitude of 10 deg. 


Irſt, Draw a line A B 12, for the Meridian and Hour- 
> line:of 1:2, and make: choice of a'point therein for a 
Ceritre, as/A,; through which draw a line- perpendicular 
thereto for the! Horizontal: 'line of the Plain, as the Line 

Secondly, Lay the Centre of the'Trigon to the Centre of 
the Dial; arid the. Tangent-line: thereof: upon the Line 
AB 12; Andagain& go deg-or the Radius ofthe line of Sines, 
makea'mark-as C,; and alforagamſt 80'dep; thereof, which 
is the Complement'ob the'Eatitude of the place, as at H. 
Likewiſe againſtthe- Tangent 


of the Latithde 10 deg. make a- 
T = mark, 
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mark, as at B,and draw the Lines BD parallel to to the Ho- 
rizontal line G C A, and the line CD parallel to the Meri- 
dian Line A B, Eads | 


Thirdly, Lay the Centre of the 1rigon upon B, and the 


Line of Sines upon B D, and make a mark againſt the Sine 
of tne Plains Declination 3o deg. as E, and draw the Line 
A E for the Subſtilar Line of- the Dial 3 then take the di- 

ſtance-B E, and ſet it upon the Horizontal line of the Plain 
from C to G, and draw the line EG, cutting the line 


CD in K, ſo ſhall A K be the Hour-line of 6. 


 Fourthly, Upon the point E, ere& the perpendicularE F 
and laying the Centre of the Trigon upon. E, arid the:Line: 
of Sines ' upon E'F, make a.mark againſt the Sine of the: 
Complement of the Plains declination 60 deg, at the point 
F, and draw the Line AF for the Stile. Ent 

_ Fifthly, Through the point H, draw the line HM, paral- 
[el to the line A B,cutting the Hour-line of 6-inthe-point 6. 
then taking the: diſtance EF in your Compaſles, make the 
line A 12 equal thereto, and the line A 6-abovethe Centre 
equal to A 6 below'the Centre, and draw'the lines 6, Fa. 

| an 
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and 6,12. which diyide into two equal parts ing and 3,and 
for the other hours apply theline of hours of the Trigoz, as 
is before directed, and finiſh the Dial, accordihg to former 
Precepts. Ty 


 PROP.1HIL 


How to draw an Upright Declining Dial in ſuch a Latitude 
where the Pole hath great Elevation. 


Let the Example be of a South Plain declining - Eaſtward 
30 deg. in the Latitude of 8o deg. 


[F-%: Draw a Line AR for the Meridian and Haour-line 
of 12, and through the Centre A draw the Horizon- 
tal Line C A perpendicular thereunto. [2 35-4 

Secondly, Lay the Centre of the Trigon to the Centre;of 
the Dial,ſo that the Line of Sines may be upon the Like 
AB, and the Line of Tangents upon A C, then againſt the 
Radius or Sine of go deg; make the mark B,and againſtthe 
Co-Sine of the-Plains .Declination 3o deg. make the mark 
12; alſo, againſt the. Co-Tangent of the Latitude make the 
mark or point C, and ,draw. the line C D parallel to A B, 
and the tine B.D parallel to. CA. . 


Cc 


- 
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_ Thirdly, Lay, the Centre of the Trigon to E, and the line 


of Sines upon CB, andagainſt the Sine of the Plains declina- 
tion Zo deg. makethepoint G, and make BR equal to CG, 
then draw. the Line R G,cutting the line B D in E, ſo ſhall 
wh being drawn be the Subſtile, and A G the Hout-line 
O 6. 7.4 493641 

Fourthly, Take in your Compaſles the diſtance A 12,and 
ſet the ſame from G to P, and from R to T (thoſe Lines 
being extended) then draw the line TP, cutting the Line 
D B extended in O, and upon E ere& the perpendicular 


E F equal to E O, and draw A F for the Stile of the 
Dial, 
T 3 Fifthh, 
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Fifthly, Lay the 'Centre of the 

Trigon to the Centre of the Dial, and 

the line of Sines upon A C, and a- 

gainſt the Co-Sine of the Latitude 

Py Io deg. make the mark H, and draw 
mumeen gegen theline HMparallel to A B, cutting - 

: | the Hour-line of 6 in 6, make A 6 a- 

bove,equal to A 6 below theCentre, 

_ and draw the limes 12, 6. and 12,6--- 

Divide them into two equal parts at 

the points 9 and 3, and applying the 

tine of hours on your Tr:gon to them, 

you may prick down the hours, halfs 

and quarters, as hath been already 

preſcribed. 

Thus 'have you the manner of 

PrIckng down the Hour-lines 

upon Opright Declining Plains 

in any Latitude, and that in all 

cafes. It reſteth now that we ſay 

ſomething of  Decliving Rech- 

ing Plains, and the beſt way 

for them 1n this caſe, is to refer 

them to a new Latitude, and 2 

new Dechnation, wherein they 

: would become Upright Decli- 

ning Plains. And how to find this New Latitude, and 

and New Declinatior, ſhall be the work of the next 
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CHAP. IV. 


The Declination and Reclination, of a Plain in a knows: 

| Latitude beirg giver, to find in: what Latitude the ſaid Re- 
clning Declining Plain ſhall be ay Upright Plain, ard 

_ alſo, what Dechination the ſame ſhall havein that New La- 
titude, and how much the Meridian aſcends above, or 
deſcends below the Horizontal Line of the Plain, and 
which ways. 


JU ppoſe a Plain in the Latitude of Londor, 51 deg. 32 m. 
ould decline Northerly 60 deg. and Recline alſo 
54 cg, (fuch a'Plain 1s the laſt Example of North Recli- 
ning Declining Plains, in the Firſt Part of this Book.) And 
it were required to'find, 
x. In what Latitude that would be an Upright Plain. 
And, 
_ 2. What Dedlination icſhall have 1 in that new Latitude. 
'-- And, rd 
8. "How much the Meridian 1s devited ordepreſied above 
or below the Horizontal Line. 


 Sechon 1. 
= find the New Latitade. 


—_ Draw a'Ri oh line BA, and at the end thereof A, 
raiſe a pies fs A C. 

Secondly, Lay the Centre of the Trigoz to the point A, 
ſo that the Line of Sines may lie upon the Line A C, and 
the Line of Tangents upon A B, Then, 

Thirdly, Make a mark againſt the Co-Sine of the Plains 


Declination 3o deg.as D, and another mark again(t wag 
1us, 


L 4.2 Inflramental Dialling. 
dius or Tangent of 45 as at B— Then turning the Cen- 
tre of the T1202 to B, lay the Tangent line uponB A, and 
make a mark againſt the Co-tangent of the Plains Reclina- 
tion 36 deg.as atE. TH. 

Fourthly, Draw the line D B, and apply the Centre of 

the Trigon to E, ſo that the Line of Sines may le upon _ 
ic EA: Then will the line 
| DB lie under the Tan- 
gent of 19 deg. 58 min. 
This Tangent of 19 deg. 
53 min. you mult com- 
pare with the Comple- 
ment of your old Lati- 
_ tude 38 deg. 28 min. 1n 
—__.| _ North Reclining Plains 
E . 42 Cas in this Example)and 
take their difference, which 1s 18 deg. Zo min. And that 
1s the new Latitude. 

And here note, that if'the, Tangent E F before found 
prove to be equal to the Complement of your old La- 
titude, then will your Plain, be a Polar Declining 
Plain. But again, End 

In South Reclining Plains, you muſt compare the Tan- 
gent E F with your Latitude, and find their diffe- 
rence, the Complement of which difference ſhall be 
your new Latitude. 326 
And Note farther, That (in South Recliners,) 

If the Tangent E F be leſs than your old Latitude, the 
contrary Pole 1s elevated ; and if it be equal to 
your Old Latitude, then it is an AquinoQl 


ID 


Plain. 


- Secion 
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Section II. 


To find the New Declinations. 


Irfi, draw a Right Line AB. and upon the point B - 
erect the perpendicular B C. 

Secondly, Lay the Centre of the Trigon to the Point B, 
ſo that the Line of Sines may lie upon B C, and the Line 
of Tangents upon A B,then make a mark againſt the Tan- 
gent of 45 deg. (or the Radius) as at A, and another a- 
gainſt the Co-Sine of the Reclination 36 deg. asat D, and 
draw the Line A D. / 

Thirdly, Lay the Centre of the Trigon upon A, z26dithe 
Line of Sines upon the line A B, and make a mark againſt 
the Sine m—_— 
Declinationy (60 deg.) 
as at E. / : | 

Fourthly., Lay the 
Centre *of the Trigor 


: to E, and the Tangent 
X line,apon AE, ſo ſhall 


the'line A. D lie juſt 

under theSine of 39 d. 

FP SEES | 33 min. in the Trigor, 

MM n E B ” at the point: F, and. 

this 30. deg. 33min. is the new Declination.. : q 

\. And here note, that this new Declination thus found, | 
is always to-the ſame Coaſt, Eaſtward or Weltward 
with the old, but always leſs in quantity. : 
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To find the Angle f 


E: angle at A. 
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Section NL. 


hat the Meridian makes with the Horizon- 
tal Line of the Plain. 


W\ 


—B 


Irft, Draw the two Lines A B, and A C, making a.right- 


Secondly, Lay the 
Centre of the 1Tr:g07 


to A, and the Tangent 
' Line upon AC, and 
 make' a mark againſt 


the Tangent of the old 


Declination 60 deg. at 


D, and another againſt 
the Sine of go deg. 
and draw the Line D. 
Thirdly, Lay the 
Centre of the Trigor 
upon B, and the Sines 
upon the Line B A, 
making a mark againſt 
the Sine of the Recli- 
nation 54 deg, at E, 
Fourthly, Lay the 


_ Centre of the Triger 


to-E., and the Sines 


- upon E B, then will 


the Line B-D, he juſt 
under the Tangent of 
54 deg. 29 min. which 


is the Complement of 35 d. 31 m. and an Angle of that quan- 
tity doth the Meridian make with the Horizon. 


By theſe Three SeGions of this Chapter, you have 


reduced 
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reduced your North Plain, in the Latitude of 51 deg. 


Reclining 54 deg. oo min. And 
Declining 60 deg. oo. min, 


To an Upright Declining Plain in another Latitude, 
viz, Io 


| ; deg. min. 
North Plain Declining Weſt 30 38 
In the Latitude of 18-30 


So that if by the Precepts delivered in the Third Chapter 
of this Part, and by the Second Section thereof, becauſe the 
Latitude 1s but ſmali, you ſhall have a true Dial for ſuch a 
Plain, as declinesand reclines the quantities above mentio- 
ned in the Latitude of 5x deg. 32 min. Which Dial be- 
ing truly drawn, and applied to the Reclining Plain, the 
Meridian making ſuch an Angle as was found by the Third 
Seqion of this Chapter, viz. 35 deg. 31 min. and placed 
towards the right Coaſt (as ſhall be ſhewed in the next 
Chapter) your work is fimifhed, the Precepts heredeliver- 
ed being general. 
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CHAP.V. 


Sewing whether the Meridian Line of the Plain a ſcends above, 
or deſcends below the Horizontal Line of the Plain, and to- 
words what Coaſs. 


"He Third Section of the laſt Chapter gave you the 
quantity of this Angle, now for the poſition of the 
Meridian line,obferve theſe emer al Rules following, * 
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above g That end of the Hori. 
Leſs than Aqunoi- zontal Line, which lies 
| ial, the Meridian contrary to the coaſt 
| muſt be drawn. of the Plains Declina- 
North In- below... tion, Fs 
In clmers., 4 
South Re- [| below ,-That end of the Horxi- 
cliners. | More than Afquino- zontal Line, which lies - 
:  Ctial, the Meridian the ſame way with the 
] muſt bedrawn, coalt of the Plains De- 
\ above. clination, 


Eo; "above That end of the Hori- 
zontal Line that looks 


Leſs. than 2a Polar the ſame way with the 


| 'the Meridian muſt 1 $ Ge. kn TY _ 
be drawn. | Meridian thus drawn in 
A  Narth Recliners, repre- 


below «(ents 12 at midnight. 


Equal to a Polar, the Meridian muſt be drawn be- 
North Re- | low the Horizontal Line at that end which is 


In cliners. 3 contrary to the Coalt of Declination, and the 


South In-] Six of Clock Hour-Line is' always the Sub- 
cliners, | ile, 


below And from that end of 
7 | the Horizontal Line , 
which lies contrary to 
| More than a Po-! ! the Coaſt of the Plains 
flar the Meridiany —Y Declination —-- And in 
'} muſt be drawn. | South Incliners it is 
1 \ . | only ferviceable © to 
| [help to draw the relt 
Labove {of the Dial. 


Your Dial being drawn by the Precepts delivered in the third Chap- 
ter of this Part, according to its new Latitude and uew Deciination, 
and the ſituation of the Meridian Line from the Horizontal line, difco- 

-vered by this Chapter, you may now proceed to BY 


The Placing of the Dial upon the Plain. 


Which to perform, having by the dite&ions given, drawn 
an Horizontal line upon your Plain,ſet off ſo many degrees 
(by helpof your Line of wy ar; as the diſtance of the Me- 

ridian from the Horizon 1s found to be, and to the ſame 
Coaſt, and there draw the Meridian Line. Having ſo done, 
apply your Paper-draught to your Plain, and lay the Meri- 
dian Linethereof upon (or parallel to) the Meridian Line 
upon your Plain,and herein be careful that the Stile of your 
Paper-draught (or rather a true pattern thereof cut out in 
Paſt-board or Paper) being placed upon the Subſtilar do 
directly behold or point towards the Elevated pole 3 which 
conſideration being had, you may eaſily transfer the reſt 
of the Hour-linesfrom your Paper to your Plain,and put no 
more thereon than are neceſſary. 


CHAP. VI. 


How to deal with Eaſt and Weſt Reclining and Inclining Plain, 


Helſe alſo muſt be referred toa new Latitude,and new 
declination, which are eaſily attained; the new Lati- 
tude being always the Complement of your own Latitude, 
and the new Declination 1n that Latitude, is the Comple- 
ment of their Reclination. Theſe being known, you may de- 
feribetheDial according to the Rules of the Third Chapter. 
The Meridian Line 1n all theſe Dials,is the ſame withthe 


Horizontal Line, and fo hath no elevation or depreſſion. 
CHAP. VIL 


Of North and South Reclining and Inclining Plains. 


WE the Reclination or Inclination of any of theſe 
Plains is known, there 1s nothing elſe required be- 
fore the drawing of the Dial, but the Elevation of the Pole 
above the Plain, which-how to find is plainly taught in the 


» 


Fourth and Fifth Sefions of the following Part, and then 
the Dials are made as You or Horizontal Dials for thoſe 
: V 2 Latt- 
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: by 
WE! 
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Latitudes, and: ſo no more need be ſaid of them in this 
place. 


P ” i — — 


Concluſzon. 


Shall conclude this Third Part with theſe two General! 

and Neceflary Rules, teaching, 

 I,, Toknow which way theSubſtilar-line of any Dial muſt 
ſtand from the Vertical line of the ſame Plain. And, 

2, How toorder your work 1n the Southern Hemiſphere. 


For the Firſt, 
Upon all Plains whereon the. 
North Pole m— "Gourh Pole 
I 1 | elevated. the Subſtilar muſt EY: 


lie from the 
ama eftrouncs 


EE A 
upperend lowerend 
K. 


_— m_—_— x - _—— d 


of the Vertical line 
towards the full 


p- cl Neodbe 2 
. North South 


For the Second. 


All the Rules,Precepts and Examples given in this Book, 
do ſuppoſe you to be in the Northern Hemiſphere of the 
World; therefore if you ſhould bein the Southern Hemi- 
ſphere, theſe Precepts will ſerve there alſo, by only chang- 
ing the words North and South one into the other, as for 
South read North, and for North read South, and ſoNor- 


thern.for Sonthern, and the contrary. 


The 
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The ART of 


DIALLING. 


ARITHMETICALLY 


PERFORMED, 


By the CANONS (or TABLES) of Artificial Sines 
and Tangents. 


es. —_ _ —_— 


PART Iv, 


The Arenment. 


' T Heras the Two foregoing Geometrical Ways, and 
the Third Iſtrumental Way of delineating or 


making of Sun-Dials, may be rejected by ſome, 


and a more accurate performance of the ſame re- 
quired by others, I thought good (to make this Treatiſe 
the more compleat, which for a Geometrical Way is alrea- 
dy perfect enough) to add the Canons, Analogies or Propor- 
tions, by which the ſeveral Requiſites in all Plains may be 
Arithmetically attained, by help of the Canons or Tables 
of Artificial Sizes and Targents (then by which there can 
no exacter way.) Which Tables are already in every mans 
hands, and the general uſe of them no leſs common : where- 
fore I ſhall fay nothing of that in this place, but proceed 
to the finding the forementioned Requiſites, as followeth. 
And, 


Wb 7 
+ 


Section 


En en  oottnmcd 


Arithmetical Dialling, 
Section I. 


Of (Vertical or) Horizontal Plains. 


N theſe Plains there is nothing required but the Height of * 
the Pole above the Plain, which, in all Places, 1s equal to 
the Latitude of the Place, for which the Dial 1s to be made. 


DA ——_— II... 


Section TI I. 
Of North and South Ere& Dire&t Plains. 


— _ 


RP =P 


N theſe Plains allo there is nothing required but The 
height of the Pole above the Plain, which in all places is 
equal to the Complement of the Latitude of the Place. 
Wherefore, Subſtradt the Latitude of the Place, for which 
your Dial is to be made from go deg. and the Remainder is 


the height of the Pole above the South or North Ere& 
Dire& Plain. 


deg. min. 
From 90 OO 
Subſtract Latitude JI 32 
There remains 33 28 


Whichis the height of the the Pole above a Direct North 
or South plainin the Latitude of 5x deg. 32 min. 


OCTANE a. i 3 


———_—_—_ 
v CO EIS 


Seaion I 1 I. 
Of North «nd South Erect Declining Plains. 


BY in Erect Declining Plains, (beſides the Latitude of 
the place, and the Declination of the Plain) thereare 


three 
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three things requiſite to be found, before youdraw the Di» 
al, and they are, 
I. The beight of the Stile (or Pole) above the Plain. 
2, The diſtance of the Subſtile from the Meridian. 
3. The Plains difference of Longitude. 
Example, In the Declining plain in Chapter 8. whoſe 
Declination was 24 deg. 20 min. in the Latitude of 
51 deg. 32 min. 
1. For the height of the Pole above the Plain. 


AS the Radius OO deg. LO. COCOCO 
Is to the Co-(ineof theLatitude 38 deg. -— 
23 min. 9. 793031 


Sos the Co-Sine of the Declination 65 d. 40 m. 9.959596 


8 eo 


To the Sine of 34 deg. 33 min. 19.7 53427 
Which 34 deg. 33 min. is the height of the Pole 
above the Plain. 


2. For the diſtance of the Subſiile from the Meridian. 


As the Sine of 99 10. 000000 
Is to the Sine of the plains Declination 1 _ 
'24 deg. 20 min. & 9.616059 


So is the Co-tangent of the Latitude 38d. 28 m. 9.900086 


To the Tangent of 18 deg. 10 min. I9.516145 
Which 18 deg. 10 min. is the diſtance of the Subſtile 
- from the Meridian. 
3. For the Plains difference of Longitude. 
As the Co-Sine of the Latitude 38 deg. 28 m. 9:793231r 


4 Ry ae... 


Isto the Radius go deg. IO C0000 
So 1s the Sine of the diſtance of the Subſtile 19.493851 
from the Meridian 18 deg. 10 min. C 1 Be IE 
To the Sine of 3o deg. oo min. .669920I 
| Which 30 deg oo min. is the Playns difterence- of 
Longitude. 


Section. 


Arithmetical Dialling. 
Section I V. 


| Of South Direct Reclining Plazzs. 


N theſe Plains, (the Latitude of the place, and the Re- - 
clination of the Plain being given) there is only requi- 
red The Height of the Pole above the Plain: Tn which there 

| are Three Caſes,in all which you may find the Stiles height, 

| as followeth - 

x. If the Reclination of the plain be leſs than the Com- 
plement of the Latitude of the place, ſubſtra&t the 
Reclination out of the Complement of the Latitude, 
and the remainer will be the height of the pole or 
Stile above the Reclining plain. But, 

2, If the Reclination of the plain be more than the 
Complement of the Latitude, ſubſtralt the Comple- 
ment of the Latitude from the Reclivation, and the 
Remainder ſhall be the Elevation of the pole above 
the Plain. 

3. If the Reclination be equal to the Complement of 
the Latitude, the pole hath no Elevation over ſuch a 
plain, but is an Aquinoctial plain, and muſt be made 
by the Rules delivered in the Twelfth Chapter of the 
Firſt Part of this Book. 


_ 
fs ee __ 
- - 6 EEC ad 


deg. min. 
* Latitude 51 deg. 32 min. Comple. 38 28 
= Caſe 5 Reclination 1283 0 


Height of the pole above the Plain 16 18 


Reclination 62 -28 
Latitude 51 deg. 32 min. Comp. 38 28 


2, Caſe 


Height of the pole above the plain | 
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Section V, 
Of North Dire& Reclining Plazz:. - 


TIN theſe Plains alſo (the Latitude and Reclination being 
_——— 1s only required The Height of the Pole above 
the Plain. 
To find this, 
1. Add the Complement of the Latitude to the Recli- 
nation, and the fum of them is the height of the Pole above 
the Reclining plain. 


deg. min. 
Latitude 51 deg. 32 min. Compl. 33 29 
Reclination 27-12 


—_—__ 


_m_— 


Height of the Pole above the Plain. 63. 40 

2. But if this Sum exceed go deg. then ſubſtract it from 
80 deg. and the remainder ſhall be the height of thePole 
above the Plain. 


Latitude 51 deg. 32 min, Complent 
Reclination 


Which ſubſtract from 

There remains 70-50 
Which 70 deg. 50 min. is the height of the Pole above 

the Plain. 

3. If the ſum of the Complement of the Latitude, and 

the Reclination added together do make juſt go deg. then 

that plain is a Polar Plain, and the Dial for ſuch a Plain 

muſt be made in all reſpe&s as is directed 1n the 16. Chap- 

ter of the Firſt Part of this Book, 


X Section 
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Section V I. 
Of Eaft a»d Weſt Direct Reclining Plazs. 


N Eaſt and Weſt Reclining Plains (the Latitude of the-- 
] place, and Reclination being given) there are required 
the ſame three things as in North and South Ere& Decli- 
ners, namely, 

Ft. The Heig bt of the Pole (or Stile above the Plain. 

2. The Jiftence of of the Subſtile from the Meridian. 

3. The Plains MFower of Loneitude. 

” Rt. Of the Fas or Weſt Reclining Plain PartT: 
Chap. 10. whoſe Reclination was 35 deg. oo min. 
and Latte 51 deg. 32. min. _. 

1. For the height of the Pole CG Stile) above the Plain. 


As the Radius go deg. LO. 00000: 
Is to the Sine of the Latitude 51 deg. 32 min. 9. bony 
So is the Sine of the Reclination 35 deg. — 758 59 
To the Sine of 26 deg. 41 min. 19.65206; 


Which 26 deg,41 min. 1s the height of the Pole above 
the Reclining Plain. 
2. For the diſtance of the Subſtile from the Meridian. 


_ Asthe Radius 9o deg. 10.00000 


ms SIN 


Is to the Tangent of the Latitude oy d. 32 m. 10.09991 
S$o 18 the Cor fine of the Reclination 35 deg. 19.91336 


To the Tangent of 45 deg. 52 min. 10.01327 
Which 45 deg. 52min. 1s the Subſtiles diſtance from the 
Meridian. 
. For the Plains difference of Longitude, 


As 2 Sine of the Latitude 51 32 min, 9.89374 
Is 


on 
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Is to the Radius go deg. I0.00000 
So is the Sine of the Subſtiles diſtance. I9.85595. 

from the Meridan 45 deg. 52. ; jt: - 

To the Sne of 66 deg. 27 min. 9.9622TI 


 . Which 66 deg, 27 min. is the Plains difference of Lon- 
oitude. 


——— —__—— 


Le. tte the. 4 w—_ 
ee dead tt. ts... Hiller. 4 
—_— — _— 


Sechon VII, 
Of South ard North Declining Reclining Plains. 


N Declining Plains Reclining (beſides the Latitude of 
| the place, Declination and Reclination of the Plain ; 
which are for moſt part given) there muſt four things be 
found before you can draw the Dial, v7z. 


I. The diſtance of the Meridian and Horizon. 

2. The height of the Pole or Stile. 

3. The diſtance of the Subſtile from the Meridian. 
4. The Plains difference of Longitude. 


Of theſe Plains you have in the 20, 21, 22, 23, 24,and 
25, Chapters of the Firſt Part Six Varieties, which are 
all that in any caſe may happen, viz. Three of South 
Declining Reclining, and as many of North Decli- 
ning Reclining. I ſhall only inſtance in two of them, 
viz, one of a South Reclining Plain Declining Eaſtex- 

| ly, and another of a North Reclining Plain Declining 
Weſterly. The Example of the South Recliner ſhall 
be that 1n the third aud laſt Variety of South Decli- 
ners Reclining, and that is of a South Plain declining 
Eaſterly 3o deg. and Reclining 55 deg. as 1n Part I. 
Chap. 22. | 


X 2 0.2 <dly 
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I. Iz South Decliners Reclining. 


r. For the diſtance of the Meridian from the Horizon. 
As the Radius go deg. - I0.00000 


Is to the Sine of the Reclination 55 deg. 9.91336 
So is the Tangent of the Declination 3o deg. 9.76144 


=S=____—_— _— 4 —- -» 


To the Tangent of 25 deg. 19 min. I9.67480 
Which 25 deg. 19 min. being taken from go deg. leaves 
64 deg. 41 -min. the diſtance of the Meridian from 
the Horizon. 
2. For the Height of the Pole (or Stile) above the Plain. 
This will require two Operations 
r. As the Radius go deg. FO.00000 


Is to the Sine of the diſtance of the Me- 9.95615 
ridian from the Horizon 64d. 4.1 => 
So is the Co-Sine of the Reclination 35 deg. 9.75859 


To the Sine of 31 deg. 14 min. 19.71474 
Which 31 deg. 14. min. being leſs than the Latitude 
51 deg. 32 min. ſubſtraCt it therefrom, and there will 
remain 20 deg, 18 min. 
Then fay again, 
2. As the Sine ofthe diſtance of the _ 9.95615 
an from the Horizon 64 deg. 41 min. —— 
| Ts to the Sineof the Arch laſt found 20d. 18m. 9.54025 
So is the Co-Sine ofthe Declination 60 deg. 9.93753 
= L9.47779 
To the Sine of 19 deg. 25 min. - 9.52163 
Which 9 deg. 25 min. is the height of the pole or Stile 
above the Plain. 
Note, That if the Arch found at the firſt of theſe Operati- 


ons be equal to the Latitude of the place (as there it 
- was 
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was lefler, viz. but 31 deg. 14 min.) then the Recli- 
ning Plain had been an XquinoQtal Decliner, and 
muſt be made as by the precepts delivered in the 
20. Chap. of the Firſt Part. * 

3. For the diſtance of the Subſtile and Meridian. 
As to the Co-Tangent of the Declination 60 d. 10.23856 


|  ÞtothesSinefirſt found in the laſt pro- } 
portion, viz. 3I deg. 14 min. / 147{ 
So is the Tangent of the height of the Pole. 9.547 14 
above the plain 19 deg. 25 min. dp 


| I9.2619L 
To the Sine of 6 deg. 2 min. 9.02335 
Which 6 deg. 2 min. 1s the diſtance of the Subſtile from 
the Meridian. 
4. For the Plains difference of Longitudc. 
As the Sine of the difference of the Arch} 


firſt found, and the Latitude of the + 9.54015 
place, viz. 20 deg. I8 min, ; 59 
| 6 tothe Radius go deg. EL#4 FO.00000 
So 1s the Sine of the Subſtiles diſtance} 19.02335 
from the Meridian 6 deg. 2 min. / ons 
To the Sine of 17 deg. 38 min. 9.48320. 


Which 17 deg. 38 min. is the plains difference of Lon- 
gitude. Nees DEI 


IT. /z North Decliners Reclining. 


In all theſe Plains -(as well as in South Recliners) four 
things muſt be found (beſides the Latitude of the place, 
and the. Reclination of the Plain, which are commonly 
given) before the Dial can bedrawn,and thole are the ſame 
as in South Recliners, viz. 


1 . The diſtance of the Meridian from the Horizon. 
2. The height of the Pole. or Stile above the Plain. 
po PE OLEN 3. The 
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3. The diſtance of the Subſtile from the Meridian. 

4. The Plams difference of Longitude. 

All theſe may be found by the following Canons or 
Analogies, And for an Example, I ſhall 'make uſe 
of the North Plain Declining Weſterly 60 deg. 
and Reclining 54 deg. as th the laſt Example of - 
North Recliners, Part I. Chap. 25. 

. I. For the diſtance of the Meridian from the Horizon. 
As the Radius go deg, 10.00000 

Is to the Sine of the Reclination 54 deg. 9.90795 

So is the Tangent of the Declination 60 deg. 10.23856 
To the Tangent of 54 deg. 29 min. IO.14651 
Which 54 deg. 29 min. being taken from go deg. leaves 

25 deg. 31 min. And that is the diſtance of the Me- 
ridian from the- Horizon. 

2. For the height of the Pole (or Stile) above the Plain, 

This alſo will require two Operations. 
1. As the Sine of the Declination 60 deg. 9.93753 


Is to the Radius go deg. SE 10.00000 
So is the Co-Sine of the diſtance of the _ I9.91059 
ridian from the Horizon 54d. 29 m. 
To the Sine of 70 deg. 2 min. 9.972306 
To this Sine of 70 deg. 2 min. add the Complement of 
the Latitude 38 deg. 28 min. the ſum will be 108 d. 
3o min. and this Arch (being above go deg.) take it 
from 180 deg. ſo will there remain 71 deg. 3o min. 
2. As theSine of the Arch firſt found 7o d. 2 m. 9.97306 


—— 4 co. 


Is to the Sine of the Reclination 54d. omin. 9.90796 
Sois the Sine of the Arch laſt found 714. 3o min. 9.07695 


—_—_— OT 19.8849T 
' To the Sine of 54 deg; 43 min.  _ 9.91185 
Which 
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Which 54 deg. 43 min. is the IIA of the Pole or Stile 
above the Plain. 

Note, That if the Arch firſt found, viz. 70 deg. 2 min. 
had been jalt go deg. the plain then had been a po- 
lar declining Plain, the 'Sub{tfle and the hour of fix 
being the fame, and muſt be made by the Precepts | 
delivered in Part 1. Chapter 23. 

3. For the diſtance of the Subſtile and Meridian, 

As the Tangent of the Reclination 54 deg. 10.13974. 


Is to the Sine of the Arch firſt found? 


Viz. 54 deg. 29 min. bi 991059 
.SO 1s the Tangent of the height of the 10.1502I 
pole above the plain 54 d. 43 min. _ Eng 
 _ 20.06080 
To the Sine of 56 deg, 42 min. a 9.92206 


Which 56 deg. 42 min.or rather the Complement there- 
of to 180 deg. vis. 123 deg. 18 min. 1s the diſtance 
of the Subſtile from the Meridian, according as you 
pleaſe to account it, cither from the North, or from 
the South. | 

4. For the Plains difference of Longitude. 

_As the Sine of the height of the pole Shove) 9.91194 
the plain 54 deg. 43 min. j Inn 
| Ts to the Tangent of the diſtance of the Sub- ? 


ſtile and Meridian 56 deg. 42 min. Fi 10.19251 
So is the Radius go deg. I0.00000 
To the Tangent of 61 deg, 48 m min. Io. 0.27067 


Which 61 deg. 48 min. is the plains difference of Longi- 
tude counted from the: North, or the Complement 

| thereof to 180 deg. viz. 118 deg. I2 min. 1s the ſame 
difference of Longitude counted from the South. 


Section 
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Section VIIL. 
Of the Hour Diſtances #pox the Plains. 


Itherto you have in a general, plain, and eaſie Me- 
thod (and of all others the moſt exat) delivered, 
the manner how to calculate the requiſites belonging to all 
ſorts of Plains whether Dire@&, Reclining, Declining,or both. 
It reſteth now, to find the true hour diſtances one from a- 
notherupon any of theſe Plains, and for that (for all Dials 
which have Centres) there is only one general Azalogy or 
Proportion, and that is this. Having found the Plans dif- 
ference of Longitude 5, lay, _ 
As the Radius or Sine of go deg. 
Is to the Sine of the height of the Pole or Stileabove 
the Filain, 
So is the Tangent of each hours diſtance{upon the Xqui- 
noCtial) from the Subſtile, 
To the Tangent of the ſame hours diſtance upon the 
plain counted for the Subſtile. 
Now, (becauſe Examples do more confirm than barely 
Precepts) I ſhall by Preſident or Example make plain all 
that hath hitherto been delivered, and one ſhall ſerve in- 
ſtead of many, and that ſhall be 1n an Uprightor Ere& De- 
clining plain, (which of all Dials are the moſt commonand 
uſctu]. ) Suppole therefore, 


In Latitude 52 deg. 40 min. an Ere& Plain beholding the 
South, to decline Weſtward 24 degrees, 


The Arithmetical Calculation. 


By the Rules delivered in the III. SeGzor of theſe Pre- 
. LepIs," YOU (hall find, 


I. The 


_ ..- 


Arithmetical Dialling. I6Gr 
 T. The height of the Pole (or Stiſe) above the Plain to be 
33 deg. 38 min. 
2. The diſtance of the Subſtile from the Meridiar to be 
17 deg. 14 min. And, 
3. The Plains difference of Longitnde to be 29 deg. 15 min. 
Theſe Requiſites being thus attained,the next thing is to 
find the hour diſtances npon the Plain, which may be done 
by the laſt foregoing Analogy. 
But firſt, you are to conlider the quantity of the Plains 
difterence of Longitude, which here, in this Example, is 
found to be 29 deg. 15 min. And becauſe every hours 
diſtance upon the Equinottaal is 15 deg. diſtance from the 
Subſtile, or Meridian of the Plain 3 fo 2 hours 1s 3o deg. 
diſtance, and 3 hours 1s 45 deg. diltance : This Plains dif- 
ference of Longitude being above 15 deg. (which 1s one 
hours diſtance) and leſs than 3o deg. (which is two hours 
diſtance) the Subſtile (the plain declining Weſterly) muſt 
needs fall between the hours of 1 and 2 1n the Afﬀter- 
noon. Wherefore ſubſtrat 15 deg. (1 hours diſtance) 
from 29 deg. 15 min. and there will remain 14 deg. 15 m. 
the EquinoGtal diſtance of 1 a clock from the Subſtile. Alſo 
from 3o deg. (whichistwo hours diſtance) ſubſtract 29 deg. 
I5 m. and the remainer will be oo deg. 15 min. for the Equi- 
nottial diſtance of 2 a clock from the Subſtile. Having 
found the Equinottial diſtances of the two next hour-lines bt, 
on either ſide of the Subſtile (as of 1 and 2) the reſt are ea- Fa 
fily found by the continual addition of 15 deg. and fo is the bt: 
Column of the EquinoGQial diſtances 1n the following Table ji 
made. Being thus prepared, the true hour diſtances from the 
Subſtile upon the Plain may eaſily be attained by thefore- 
going Analogy. I will inſtance 1n one hours diſtance for all, 
and give you the reſt in a Table: As, 


Let it be required to find the diſtance of one a Clock, upon the 
Plain from the Subſtile, Say, 


Y As 
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Is to the Sine of the height of the Stile | 
33 deg. 38 min. nm; 9.74341 
| $o is the Tangent of the EquinoGtial diſtance } RI 
of one a clock, viz. 14 deg. 15 min. FO earl 
| To the Fangent of 8 deg. o min. 19.14919 


Which 8 deg. © min. is the diltance of the one a clock 
hour-line upon the Plain from the Subſtile. And in 
the ſame manner may you find the diſtance of 2 a 
Clock to be © deg. 25 min. Of-3 a clock & deg. 53m. 
Of 4 a Clock 18 deg. 14 min. and ſo the reft, as in 
the following Table for every whole hour. And if 
you deſire halfs and quarters of hours, you muſt in- 
ſert them in the Column of EquinoGtal diſtances, al- 
lowing 7 deg. 3o min. for half an hour, and 3 deg. 
45 min. for a quarter,and ſo 15 deg. for a whole hour.. 


 Subſtile 


(Hours EquinoGtial/True hour| 
| diſtances | diſtances 
deg. min.'deg. min. 
vIII 85 1538 39 
IX 74. 1563 x 
A -$9 15/42 57]. 
XI 44 15128 21 
XII 29 L517 be. 
L164 I5'& © FR 
—_— ® >< /Subttile 
HI |:i5 45] 8 53 
IV 130 45/18 I4 
V las a451[29 37] 
VII 175 45165 ere RY 


Thus 
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Thus have you the Arithmetical Calculation of the 
whole Dial; it remains now to ſhew how theſe hour-lines 


are to be transferred from the Table tothe Dtal-plain,waich 


is to be done as followeth. 
The Geometrical Proje@ion. 


Firſt, (Upon your Dial-plain) draw an Horizontal-line 
AB, and perpendicular thereunto another line C D,for the 
Meridian and Hou:-line of 12. 

Secondly, Take 60 deg. out of your line of Chords, and 
ſetting one toot in C, wita the other deſcribe the Semicir- 
cle EF G. | 

Thirdly, Becauſe the diſtance of the Subſtile from the 
Meridian was found to be 17 deg. 14 min. take 17 d. 14 m. 
from your Line of Chords, and ſet them upon the Se- 


micircle from F to H, and draw the Line CH for the Sub- 


{tile. 


South Declining Weſt 24 degrees, Latitude 52 deg. 40 min. 
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Fonrthly, 
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Fourthly, The height of the Stile being 33 deg. 33 min 
ſet that diſtance upon the Semicircle from H to K, and draw 
the Line C K for the Stile. 

Fifthly, (Having recourſe to your Table) take 18 deg. 
39 min. out of your Line of Chords, and ſet them upon 


the Semicircle from H to 8, and draw the line C8 for the 
Hour-line of 8 of the Clock. 


deg. min. 

63 I } C9 7 4 *2- 

142-87} IO C 10| 
18 21 [and ſet the! 11] C 11] & 
'17 14 |ſameupon| 12] 1 C12] = 
Laftly, From| 8 © jthe Semi-|r pk | C 1.1% 
your line ofy © 295 xcircle up-52 + wagh C2 > £ 
Chords, take | 0. 53 | on the |3 \ b e-1Q 2 | = 
- :18 14] Plain,from [4 | |C4 | = 
ww rw 7 Tein 
wo”: 16 | Cs | 

LO5 22] 7 ] i_C y i 


Thus 1s your Dial finiſhed, only the Stile, which muſt be 
fet to hang perpendicularly over the Subſtile, making an 
Angle at the Centre of the Plain of 33 deg. 33 min. equal 
to the height of the Stile. ; 

And thus have you an Abſtract of The whole Art of Dial- 
ling, after the moſt exat and compendious way of 
performance; others may be more expeditious, but 
none more exact- 


—__ 


Section IX, 


T will be to little purpoſe to be thus curious 1n finding 

| of the true Poſitions of the Meridian, Stile, Subſtile and 

—  Hour-diſtances in all Plains , as in the foregoing Precepts 
:, S#dchvered, unleſs alſo we be as ſevere or (trict in ding: 
= 
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of t te Site or Poſition of the Plain, upon which the Dial 
is to be made. For what will it ſignifie to make the Dial 
true, and place it in a wrong Poſition ? You are in the 
Geometrical Part of this Book taught how to find the De- 
clination of any Plain, and for the finding of it, to attain 
the true Azimuth of the Sun is the chick Ingredient, and 
how to perform that Geometrically, 1s there taught two. _ 
ways. But that thelike exaCtneſs may be in the performance 
of this alſo, I {hall in this place {b<tfore I end) exhibit the 
manner of finding the Sun's Azimuth at any time,and inany 
place, by Arithmetical Calculation. 

Example, In the Latitude of 51 deg. 32 min. the Sun 
having 17 deg. 56 min. of North Declination, and his 
Altitude 35 deg. Let it be required to find his Azz> 
muth. | 

Firſt, Add the Complement of the Latitude, the Com- 

plement of the Dcclination, and the Complement of the 
Suns Altitude all into one Sum,and take the halt thereof, 
from which half Sum ſubſtrat the Complement of the De- 
clination, and.note the difference as here 1s done. 

deg. min. deg, min. 


Latitude 5 3Z32 -28 28 
Declination 17 566 Complement. J7 04. 
Altitude 35 oog. "2 


ſumm 165 32 


þ half fumm 32 46 


The difference between the half ſumm and - p 
the Complement of the D=clination. 4.2 
Then will the proportion le 
(1.) Asthe Radius 9o deg, "i 


Is to the Co-ſine of the Altitude 55 deg. 9.91336 
So is the Co-ſine of the Latitude 33d, 28m, 9.79383. 


To the Sine of 30 deg. 38 min. 19.70719- 
(2) As: 
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(2.) As the Sine of 3o deg. 38 min. 970719 
Is to the Sine of the half ſum 82d. 46m. 9.99653 
So 15 theSine of thedifference 10 d. 42 min. 9.26873 
19.25526 
To this Sine 9.55807 
_ To which add the Radius or Sine of go d. 10.00000 
The Sum 1s 19.55807 
The half Sum 9 77903 
Which 1s the Sine of 36 deg. 58 min. the Complement 
whereof 1s 53 deg. 2 min. and that doubled is 106 d. 4. m. 
which 1s the Suns Azimuth from the North part of the Me- 
ridian, which if you take from 180 deg. there will remain 
73 deg. 56 min. which is the Azimuth from the South. 


And thus may you find the Sun's Azimuth moſt cxaQtly at 
any time. | 


POSTSCRIPT. 


TN the foregoing Treatiſe, you have Four ſeveral ways of 

making all manner of Plain Sun Dials, viz. Two Geome- 
trical, one Inſtrumental, and a Fourth performed by Arith- . 
metical Calculation: It might here be expeGed, that I ſhould 
now ſhew how to adorn and beautifie theſe Dials with various 
Furniture relating to the Sun's Courſe ; I having done ſome- 
thing (long ſince) of that Nature in another place : And to 
treat of them here, would have much enhannced the Price of 
the Book ,the Engraving and Printing Copper Schemes being ve- 
ry Chargeable : But to ſatisfie ſuch as are delighted with Cu- 
rioſities of this Nature, the Author hereof, hath now in the 
Preſs, a Book inFoho Entituled, 
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SUPPLEMENT 


—— Dialling. fic. 


CHAP. I 
Of ſuch Circles of the Sphere, as are deſcribed 


upon Sun-Daals. 


Any AFronomical Contluſions may be per- 

formed by deſcribing of the Czrcles of the 

Sphere upon Dral- Plains : of which I have 
here made choice of theſe following : 

x. The Para/els of the Signs, ſhewing in what part 
of the Zodiack the Sun is at all times of the year. 


| 2. The Diurnal Arches, ſhewing the length of the us 
"_ night throughout the year. 


. Fhe Hours from the Sun's Riſing, or Setting ; or the 
Bal ploniſk and 1talian. Hours. 


4- The Unequal, Fewiſh , or Planitary hours. 


. The Azimuths, or Vertical Circles, ſhewing in what 


quarter ot the World, or upon what Point of the Mariners 
Compaſs, the Sun 1s at all times of the Day. 


i 2 6. The 


'g 4 A pe MN he. 
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6. The Almicanters, or Circles of Altitude ; whereby 
the Proportion of Shadmvs to their Objeds, or the Sus 
. height may be known. 

Of theſe ſome are great Circles of the Sphere, others 
ſmall : The great Circles in all Plains are repreſented by 
ſtreight lines, as the hour-lines themſelves are: The leffer 
Circles are deſcribed by Conick Sections ; and they are ei- 
| ther Parabolas, ==Os Oy or E/llipſes : Only the Parallels 
of the Signs, and e Diurnal Arches in Polar Dials, and 
the Parallel, of Altitude in Horizontal Dials, and d perfect 
Circles. 


A 


CHAP. Il 


Flow to deſcribe the EquinoQtial, the two Tropicks, 
and other intermediate Parallels of Declination, po any 


' Dial Plain. 

' ] He two Tropicks being the Boundaries of the $uz's 
Courſe, (for he never exceeds thoſe Limits ,) [ 
count it beſt, firſt to ſhew how they may be deſcribed ; for 
that between them all other Circles (either great or ſmall) 
muſt be projeed,, and the manner of deſcribing them 
upon ſeveral Plains 1s various. 

In a Polar Dial they are perfe&t Circles, and ſo are ea- 
fily deſcribed by Circles drawn about the foot of the per- 
pendicular ſtiſe in” all other Plains they are Sections of a 
Cone. 


I. In the EquinoGtial,. and diredt Eaſt or Weſt Dials. 


| Let an Example be of a dire Faſt Dial in the Lati- 
tude of 51d. 32m: 

| ak to Jefribe the hour-lines: upon theſe Plains is 

 thewed in the ſixth Chapter of this Book, Wheretore = 

a Dial. 


Geometrical Dialling. G 
a Dial being drawn as in Figure I. through the foot of the 
perfendicular ſtile at E, draw a right Line M EN, Parallel 
to the Horizon; for the Horizontal Line, in all Plains, 
. muſt be drawn through the foot gf the perpendicular ſtzle, 
- and alſo through the Point where the Equinedial Circle 
croſſeth the Hour-Line of Six. Your Dial, with the Equz- 
nodial Line thereof, HES, being drawn , come we to 
deſcribe the Tropicks: To effect which, 

Firſt, Upon a piece of fine Card-Paift-Board draw a 
right Line OR, asin Figure I. repreſenting the Equi- 
noitial Line in your Dial; and (becauſe the 7ropicks are 
23 deg. 30 min. diſtant from the Equinoitial) with 60 deg. 
of your Chords, upon the point O, deſcribe an Arch of a 
Circle, and upon it ſet 23 deg. 3o min. from R to S, and 
draw the Line O'S, repreſenting the two. Tropicks ; and 
this Angle SO R, Icalla 7rigor. 

Secondly, Out of your Dial take the length of the per- 


pendicular Stile E G, and ict it upon the 7rigon from O. 


to P, and draw the Line P 6 perpendicular to OR : Allo 


Take the di-f 7 withthe Equi-ſg), 3 fy 7) 
ſtance fromG, | 8] noctnal, and | r Jr | 7 s | 
to the Interſe-4 9g: ſet them upong s e ning ; 
Rion of the | x0| the Trigon [7 | oy 
Hour-Line of\, 11 j from Q, to jv Ove LV II; OR. 
Having thus prepared the 7rigoy, out of it take the 
diſtance P 6, and ſet it upon the 6-4 clock howr-line, from 
Etoc : —— Alfo take the diſtance q7, and ſet it upon 
your Plain from V to þ, and from VII to 4: — Allo take 
r-s, and ſet it on your Plain from IV-to a, and from VIIE 
to e:—— Likewiſe take the diſtance s9, and ſet it upon 
your Plain from IX tof: ——- Alſo take the diſtance x0 
z, and ſet it fromX to g — Laſtly, take v 11, and ſet it 
on the Plain from XI to h. 


Thele- 


[ 
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TheſePoints a, &, c, 4, e, f, g, h, are the Points through 
which the 7ropick of Cancer muſt be deſcribed ; wherefore, 
if through them a line be drawn with an even hand, ma- 
king no Angles,that ſhqll be the 7ropick of Cancer. 7 
- The T7ropick of Capricorn may be deſcribed in the fame 
manner, for if from your 7rigon you take 


8 Fy VII #* 

| g9 $U And ſetit upon your JIX / 
The diſtance to #Z( Dzal-Plain from 08 
cr. -, 


Thoſe ſhall be the Points tlirough which the 7ropick of 
Capricorn muſt be deſcribed; wheretore if through & / m z, + 


a line be drawn with an even hand, it ſhall repreſent the 
T ropick of Capricorn : 


And whereas I ſaid before, that the two Tropicks are 
the Boundaries of the S's Courſe, you are to Note, 


That 


Whenk Capricorn, Decem.11.Jthe ſhadow of the 
the Y Aries, or( which JMarch,ro.\ top of the Szzle will 


Sun JLibra, ( isabout )Sep?. 12.C paſsalong thoſe re- 
15 in CCancer, Fune, 11.3ipeive Lines. 


And according to this Method may any other interme- 
diate Para/lels of Declination be inſerted ; as for Example : 
Suppoſe I would inſert the Parallels of the Sax's entrance in- 
to the x2 Signs, Aries and Libra are inferted already, allo 


Cancer and Capricorn ; for the reſt, as when the Sun enters 
into - 


Taurus, 


Geometrical Dialling. 


Taarus, 
Virgo, { 
Scorpro, 
Piſces, 
Gemini, 
Leo, 

S corey, 
Aquarius, 


FE” Sun hath 1x deg. 30 min.* 
, of Declination, 


the Sun hath 2odeg.r2min.-/ 


Wherefore take 11 deg. 3o min. and 20 deg. 12 min. 
out of your Line of Chords, and ſet them upon Arch R $ 
of your 7rizey, from R to V and X, and draw the two 
Lines O U and O X. 

Theſe Parallels being thus put into your 7 rigen, they 
may be transferred into the Dzal Plain, 1n all reſpeds, as 
the 7 ropicks were; and as you ſee done in the Figure [. 


Il. 7z a Dire North or South Dzal. Figure IIL 


Having drawn your Dial as is taught in Chapter V. to- 
gether with the S7z/e, your firſt work muſt be to propor- 
tion your Stile to your Plain ; which to doe, aſſume any 
convenient point in the Sub/tile (here the Line of XIf) for 
the farthermoſt Tropick, as here the Point &; then the 
Stile's height being 38 deg, 28. min. add 23 deg. 32 min. 
thereto, the Summ 1s 62 deg, and that isthe Meridian Alti- 
tude of the Sun when he enters Caxcer,. and the Comple- 
ment thereof is 28 deg. wherefore, upon the Point Cau- 
cer, make an Angle. B S A to contain 28 deg. fo ſhall the 
Line g A cut the Axzs of the Szile OA, in A; ther 
trom A tet fall a Perpendicular to Qs, as AB; and fo 
3s your Stzle proportioned to your Plain; and the Line C. 
BD, (being drawn Parallel to the Zorizon, through the 
Point B; ſhall be the Zorizontal Line of the Plain. 


Thus: 


Y Geometrical Dialling. 
 This' done, prepare a 7rigon, as Figure]V. in which 
make EF equalto O 4, and F G equal to OB, and EG, 
to A B, the 7rianzle EFG inthe 7rigon, equal to the 7ri- 
angle of the Stile O A Bin the Dzal. 
From the Point E draw a Perpendicular to EF, as E 
12, for the Equinoftial; and upon E, with 60 deg. of 
your Chord deſcribe an Arch H 12 L, and upon it fer 23 
deg. 3o min. from 12 to H and L, 4 drawing the Line 
E H for the7ropick of Cancer, and EL tor the 7ropick of 
Capricorn : \ 
Draw the S$ui/t;lar Line F G quite through the 7r:gov, 
croſſing the Equinottial in a, and both the: 7 ropicks. 
This done, out of your 77:20 take the diſtance from F 
to a, and ſet it upon the Dzal plain from the Center O to 
c, through which Point c draw the right Line Y c := for 
| the Equinotial : Then from O, the Center of your Dial, 
take the diſtance to the inter{ſetion of the ZFcur-Line of 
II Or I With the Equinodial, and ſet that diſtance upon 
the 7rigon from F tob: — Allo take the diſtance tro:m O, 
to the interſection of the Hour-Line of xo or 2, and fet it 
trom F toc ;: — Likewile the diſtance from OQ, to thein- 
terſetion of the Hour-Line of 9 or 3, ſet from E to 4: 
And laſtly, the diſtance from O, to the interſection 
of 8 or 4, with the Equinodzal, ſet from F to e ; and draw 
the Lines Fa, Fb, Fc, Fd, Fe, through the 7rigon, 
marking them with 12, 11, 10,9, and x, 2, 3, 4, &c. 
Now to find the Pointsupon the Plain, through which 
the 7ropicks muſt pals ; 
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Through which points the 7; ret of Cancer muſt be 
drawn Ie. an even hand : And, 


11 Viormg r29uill reach; » 533% 12 
The | "mio 17 { from O the &£ upon heh > 
{tance from mend of { /SHour « lines to 2» 
Þ to "L Tong Dial, A wof 3h 49 : Wn 
Oe TY HOT 0-4 


| che which Points the 7; ich of Capricorn muſt 
be drawn. And thus have you the Fquinodial, and the 
two 7; rapiets, deſcribed upon a direct South Plain. 


--X 


II. Z7ow to deſerite the EquinoRial/ an: the two Tro- 


picks into avy Upright Declining Plain'; or into ſuch 
as both Recline and Decline. | 


Our Excahle ſhall de in an bpris ht Plain declining 
from the South Weſtward 30 deg. The making of thele 
Diats is taught in the VII: and VIII. Chapters of this Book : 
Wherefore, having drawn ſuch./a Dzal, with the S:ile and 
Subſtile in a due Poſitiov,.. you-thall find the height of the 
Stile to be 32 deg. 36 min. 

-Firft; "Make an Z7orizontal Dial for the Latitude of 32 

deg. 3 35 min. as 1s theiDerliwingDial Fig. V, where & 

ilar Line is taken for the Hour-Line of I2, aS it 1s 
—_ marked, and the:otlier Pricked-Lines, and the Hour: 
Lines of an;;Horizontal-Diad\for.the T.atirude of 32 deg. 36 
min. Now, if according to the directions of the forego- 
40g'Sectzon, 'you make a 7rigon, and inert 'the © Equinodtzal 
and 7; ropicks; and-after wards expunge the obſcure Lines of 
the, Zorizontal. Dial, the'. Equinotial, Tropicks, and Hori- 
.zoudal. Line will be the Fra as if they had! been inſerted 
from the true & Hown Lanes bolabging to the Plain. 
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And as the. 7 hthecd were deſcribed, ſo likewife- fy the 
Parallels of the Sufis Entrance mto the ether Sions, 
be inſerted, if into. your 7rigen you put the Arches of 
their Declinations ifom the 'F quizoetial, namely 11 
deg. 30'min. and 20 deg, x2 min. And foare the Pa- 
rallels of the Signs put into this Dzal, Fig. V —— 

And in any Dial alfo may the Diurnal Arches be deſcri- 

bed, it you put inte-the 7rigon fuch Declinations as 

= hath from the Fquinodza!, when the Day [= 
either. 


And-ſo are the Dinraal Arthes put into th South Plain, 
repreſented. by thePricked lines there, 'in Fig. III, + UNE the 
T rigan thereunto: belonging Fi E Iv. 
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(CHAP. 'UL 


How the Hours from. the Sun's Riſing and Setting are: to be 
inſcribed into: all Yor8s: FEED. 3 7. 


He Hours from Sun-R TRy are called the Baby ple 
Hours, 'forthat they begin theiriDay at hs Star's 
Rijmne Tz; and the-hours from'Sw-Setting ate called the'tali- 
-an hours, -for! that | in /tally: they account their 77 rme from 
the Setting of the Son the:day-prevadirig.. © 
The manner how to rforbs theſe hours, 1s fs — in 
'all Plains, and. is eaſily performed :: And becauſe that up- 
ON 
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ort 2 full South, or Forizontal Plain, they willappear moſt 
uniform ;. I have therefore made chaice of: a direft South 
Dial, as is Fig. IN. to inſcribe them: 

Your Dial being drawn, and/the Eqrinofial, Y =, the 
two Tropicks, and © Sand Y ww, and the Horizontal-Line, 
Sun Riſe, Sun Set; you mult (by: the laſt Chapter )' de- 
ſcribe two. obſcure Parallels of Declination, one when the 
Day 1s 8: hours long, as© 8 ©, and the other when the 
Day is 16 hours long, as # 16 F, the Eyquineftial being 
the Paralel when the Day is x2 hours long. 

Being thus far prepared, the inſcription of theſe hoxrs 
will be very eafie ; for it is plain, that when the day is 
but 8 hours long, that the Sur riſes at 8 in the Morning ; 
and the firſt line after the Su's Rifing is 9 in the Morning ; 

— - Alſo when the day is x2 nies looks the Sur Riſes at- 
6 in the Morning, and the firſt hour after is 7 inthe Mor- 
ning; —— Laſtly, When the Day is 16 hours long, the. 
Sun riſes at 4 1n the Morning, and the next hour after is 


_ $5. in the Morning: —— Andall thereft'as in this Table. 
Whezetore,a ftreighrline drawn OC Me en G 
through the. interfetions of |  Lemgthofthe Day| 
theſe hour-lines, with the Pa- | VVIITXINAvVA 
rallels of 8, 12 and 16 hours, KN I OS a a ae | 
ſhall be the firſt hour after the | 77 Rs 7 , 
Sun Rifing all the year long. IE 77 eh Be 

In like manner, it you would |& rr | ; 4 
infert the, ſeventh hour after |8 xr : A "0 ' 
the Sur Riſing : By the Table [Or | PM 
yau ſee, that in the P ar. allel of 'S VII Fu I L0 | 
VIE hours, for the lengrh of |©> vil 3] x | xxÞ} 
the Day, the ſeventh hour |E IX $4 + 1-8) 
from Sun Rifing is 3 in the af- |Y * : EOS 
ternoon ; therefore obſerve VT. Hom __ 
where the hour-line of 3 croſ f—— LAT EÞ 


ſeth the Para/el of VIII hours, which is at a. — All 
by the Table you ſee that in the Para/el of XI[ hours, for 
2 the 


the length of the day, the ſeventh hour from Sun-Rifing 
iS I in the Aﬀternoon; wherefore obſerve. where the hour- 
line of I croſſeth the. Eqzizoitzal , which is at-6. *Y 
Thirdly, By the Table':you fee, that in the Paralel:of 
XVI hours, for the' lengthy -of the Day, the ſeventh. hour 
from the Sun's Riſing is 11 inthe Forenoon ; and therefore-. 
obſerve where the hour-line'of XI croſſeth the Parallel of 
X VI hours,for the length-of the day, which isatc ;.ſo ſhall 
a right-line,drawn throught theſe three Points, a, &, c,: be the + 
ſeventh hour after the: Sun's Riſing throughout - the year :: 
And thus by help of this little Table, may all the hour-lines 
from the Sun's Riſing, be drawn as you ſee them drawn, and- 
numbred, asin Fig, Ill. 001-361 aol #796 6 140 
In the lame manner, as'the hours from the Sun's Riſing: 
(which are the Babyloniſhhourswere drawn, may the hours - 
from the Sun's Setting (which are 'the 7talzav hours) be- 
drawn : The difference being only in the numbering; of 
them ; the hours from: Sun-Riſing-being numbredfrom the 
Weſt end of the Horizonttd-line; by. 1-25 3; 435» 6, 79,'9;; 
10: And the hours from Sun-Setting from the Za/hend of? 
tne Horizental-line backwards, by 23, 22, 21, 20, 19,18, 
L7, IG, 15, 14, 13; all which 1s evident 1n the forenamed 


: j Fy Sms ; 

; >, $ F - + PF , 1 2 4345 © 
. ; « ”w F *, $ o 
«6 » , as? » a * -* bt 


COROLLARY. 


The hour-lines from Sun-Riſing and Setting, being . de-- 
{cribed upon any Dial-Phain, as'is before taught, there will: 
by their-correſpongent / interſections one with another, tbe- 
Points produced, through which if Lihes be draw.o-withatr 
even hand, the ſame ſhall be the Parallels of the Length of ! 
tle Day, andfuch are the Pricked Lines in-FigureIl, num- 
bred upon the' Meridian-Line of the Dial, by 8,19;©103? 
bl; It, £3, 14, 15, 16.) Yor © onftiul 9 Fol 4 
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CHAP. IV. 


of the Tewiſh, 6r Old Unequal), or Planitary-hours, aud how 
they may be inſcribed upon any Dial-Plain. 


He Ancients account of their day, was from the Sun's 
Riſing in the Morning, till it's Setting in the Eve- 
ning, Which ſpace'of time they did divide ' into twelve-e; 
qual Parts, were it long or ſhort : So. that.in the Summey 
all that time that the Sun hath North-Declination, the hours 
of their day'were longer then a Common. equal hqur ; and 
inthe Winter, when the Sun hath Soth-Declination, the: 
hours of their day were ſhorter than a'common hour ; but 
when the Sun is in the Equinoial, their hours are equal 
to'our Common hours. | pn ; 
. The Inſcription of theſe hour-lines intoall ſorts'of Plains; 
is very cafie, being :mucl like the Toſcription of the /zaliaw 
and Babyloniſh hours,taught-in thelaſt Chapter, 7-115 11 


F ® 
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TEquiiThe Paral{ Havingdrawn your 
volti-llel of . Dial, with hours, halfs, 
] Wours, {\{ and quarters; and al- 
EmardEh. Mini \|Eh. Min| © the Equinoftial., 
—_ I] | the two Tropicks, 
IT | #1; it . and #orizontal Line ; 
| + and alſo the Paral- 
a [_ o els of the length 
- of the day, as is 
- done in Figure VI, 
which is a South Dial 
declining Eaftward 15, 
| deg, you muſt make 
Choice of two. Paral- 
tr , TH the Day, which muſt 
[22 4f both of them be equi- 
diſtant from the Equiredtzal, which let be the Parakels of 
9 houts, and x5 hours, for thoſe two Parallels are moſt 
convenient for this purpoſe ; becauſe the Fewi/b houts 1n 
thoſe Parallels will juſtly fall upon the even hours, halfs, 
or quarters: Now the Points through which the Fewz/h 
hours are to be drawn, this Table will dire&t to; wherein 
you ſee, that the firſt Fewi/h hour is to be drawn through 
5 hours, 45 min. in the Paral{el of 15 hours, through 7 in 
the Equinottial, and through 8 hours and 15 min. in the 
Parallel of 9 hours: In hike manner the ſecond 
Tewiſh hour muſt be drawn through the interſeCtion 
of the 7 hours in the Parallel of 15 hours, through 
8 in the Equinodial, and through 9 in the Parallel 
of 9 hours: And ſo muſt all the reſt of them be de- 
{cribed as the Table does dire, and as you {ſee done in 
Figure V. And in this manner, by help of this Table, may 
they be deſcribed 1n all forts of Plains, whyther Direct, Re- 
clining, or Declining. 
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CHAP. V. : 


Hhnv the Aztmuths, -or Vertical Circ.es, are tv be inſcribed 
4p0u Dial Plagns. 


"' He Azimaths are great Circles, ant! being Projected 
. uponall Phins, become ftreight Lines ; and they 

are variouſly deſcribed, according as the'Phin- 1s fenrelf, 

particulars of which follow. . 


SECT. TE 
On an 'Horizontal Plazn.- 


TN theſe Plains theſe 4z;muthr are moſt eeafily inferted : - 
' For, your Dil being drawn, with -the Tropicks and 
Azimuths thereupon, you. have: no more to.doe, then up- 
on*the foot of the perpendicular Stile at'O :(in;Figpre VII) 
as4' Centre, to deſcribe a-Circle, as'S ©, N:S; which you 
may divide into 32 equal Points {beginning at N) antwe- 
ring. to - the - 32 Points :of the Marimer's Compaſs, :(or- 
elſe you :may Yivide it into go equal parts, or degrees,) : 
noted with K***; &:c, and thraugh thoſe 'Points draw 
ah Lines'from' ©, the foot of the perpendicylar'Stile, 
and they ſhall be -the:true Azimuths upon the Horizontal / 
Plain; which you may denominate'by South; $Sby,E,SSE, 
S Eby. S, Sc. -as you ſee dope in'Figure VIE... = 
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Cpon an Fred, Dire# Eaſt, or Weſt Plain, Figure l. 


5 

Aving made an Eaft Dial, and therein inſerted the 
4 4. ; Equinottial, the-two-7 ropicks, :and: the Horizon 
tal Line, you may:proceed to the Inſcription of the 4z5. 
muths in the manner following”  _ 9 

Upon the Point E, of the Horizontal, Line of the Plain 
MEN, erect the Perpendicular E Q,, equal to E G, ( the 
height of the Stile of your Dial,)and upon Q., asa Centre, 
deſcribe the Quadrant Q_E L, and divide it into eight e- 
qual parts, repreſenting one quarter of the Mariner's Com- 
pals, and from Q,, through thoſe Points, draw Lines to 
the Aorizontal Line MEN; noting. them with © © © © 
_ © ©. from which Points let fall Perpendiculars fromthe 
Horizontal Line', and they ſhall be the Azzmaths between 
the South and the Eaf? ; — And for thoſe Points. whith 
fall between the Eaf# and the.North; namely, Eby .N, — 


GG, - ” 


EN E,— I Eby.N, —— the. fame diſtances being ſet 


* 


upon the 77orizontal Line from FE, towards, the Lett hand, 


- 


as the three firſt Azimuths, Eby-8, —- ES E,—-S E by£, 
were towards the Right hand, ſhall give the three Points 
© © © on the Left hand of E; through: which Points alfo 
Lines drawn . Perpendicular to, the 4Zorizon, ſhall be the 


LH 


Azimuths, or, Points. of the Compaſs between the Za? and 
the North: As in the Fig. I And as the Eaff Dial contains 
the, Jzimuths between the South and the Faſt: The Weſt 
Dial mult contain thoſe between the South and the Weſ.. .. 


SECT. 


deed. A ES hd 
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". SECT. it. 
pon a dire South apright Plain. Figure IIL, 


He Dial, with the Equino&ial, the two Tropicks, and 
the Horizontal Line deſcribed thereon, the Azi- 
muths may be inſerted thereon as followeth : 

Firſt, Take the length of the perpendicular Stile of your 
Dial AB, and fet it upon the Meridianof your Dial from 
B to G. 

. Secondly, With the diſtance G B, upon G, deſcribe 
the Semicircle E BF, which divide into 16 equal parts, (if 
you w1ll,) but I have here divided it but into 8, to ſhew 
the manner of the Work, in the Points * * * * &c. through 
which Points from G, draw obſcure lines, extending 
them till they touch the Horizontal Line of the Plain 
C B D; now it from theſe Points of touching you draw 
lines perpendicular to the Horizontal Line between the 


T ropicks, or Parallel, to the line of 12, they ſhall be the 
Azimuths required. 


I have not drawn the lines themſelves in this Fig. 
III, becauſe the Plain is full enough of Lines 
already. 


» 
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"SECT. IV. 


7pon a South Declining, Plain. Fig. VI. x 


Eaſtward 15 deg, 


AN Example ſhall be of' a South Plain, declining 


Such a Dial being drawn, and the Equinoitial Tropicks, 


and the Horizontal Line 


inſcribed thereon : Upon the 
C 


Point 


©. _ Geometrrcat Dialling. 

Point B of the ZZorizontal Line ere&t the perpendicular 
BC, equal to BO, the perpendicular Stile of your Dial ; 
upon which Point C deſcribe the Semicircle RBS ; 
which done, lay a Ruler to C, and the Point ©, where 
the hour line of 12 croſſeth the Horizontal Line,and where 
the Ruler cuts the Semi-circle RBS, at that Point begin 
to divide jt into 16 equal parts, at the Points * wy 
and from the: Center C draw lines through thoſe Points, 
extending them till they touch the -Zorizontal'' Line 
DE, in the Points abcdefghikand!/, through 
theſe Points right lines being drawn Parallel to the Merz. 
dian, ſhall be the  4zimuths defired , which you muſt 
number according to the ſituation of the Plain : Namely, 
the Weſtern: 4z:mmuths on the Faſt fide of the Meridian, 
and the Eaſt Azimuths on the Weſt fide of the Meridan, 
as you ſee them numbred in Fig. VL. 
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Flow to inſcribe the Circles of the- Sun's Altitude into 
I PR DiabPhains, cl 


SK Almicanters, or Circles of Altitude, is the Sphere 
have ' the ſame habitude to the A4zimuths, or Ver- 
tical Circles, as the Parattels-of declination: have fo the 
Meridians, or Hour-Circles : . Aad. therefore; the Fquinoc- 
tial it ſelf, and all the ParalteR of declination in a Po-- - 
lar Plain, and-perfe& Circles, and fo-are the Abnicanters,. 

. or Circles of A/titnde, wporran Abrizontal Plain, as. in 
Fig. VIE | | pes 

_ Horizontal: Plaine, which lie Phrilet” t6:the' Horizon, 
have the Zenith for their Poles ;- {a thatifor the inſcripti- 
oof them upon thefe Plains, the foot of the perpendicu- 
ker: Stile mutt. be. the Cemrre 'wpon which. to. deſcribe 
Siem. . bn For 
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For the Numeration of theſe Circles when they are 
deſcribed, there are two ways moſt in Uſe ; The one by 
Degrees and Minutes of the Sun's Alritude ; the other ac- 
cording.t6.the proportion that the height of 'afty upright 
_ Objed (as a Houſe, Steeple; &c.) bears to the ſhadoxy ot it': 
The laſt of which I have here followed in this Figure VIE 
where the Circles of Altitude are equal, double, triple, and 
quadruple to the Alritude of the perpendicular Stile. 

The: inſcription of theſe Circles into all other Plains, 
are, in a kind, the ſame with the inſcription of the Paral- 
lels of Declination : Only, whereas in inſcribing of the 
T ropicks, and other Parallels of Declination, you take the 
. Hour-lines out of the Dial-Plain, and put them into a 
Trigon ; ſo inthe inſcription of theſe you muſt take the 
Azimuth Circles out of your Plain, and put them into a 
Trigon, and from thence transfer them back again to your 
Plain, as in the other : And as the Hour-lines in the other, 
muſt be firſt drawn -upon the Plain ; fo in this muſt the 4- 
zimuths be firſt inſcribed: And becauſe theſe Circles of 
Altitude are ſmaller Circles of the Sphere, as the Tropicts 
and Paraſſels of Declination were, they will upon all 
Plains (the ZZorizontal excepted) be Conick SeQtions. 
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CHAP. VII 


A General and Eafie way to project Hour-lines upon all 
kind of Superficies, without any regard had to their 
ſtanding, either in reſpect of Declination, Reclination, 
or Inclination. 


f F a Point be afligned upon any Superficies, Flat, or 
_ | Curved; one or more, wherein the Hour-lines and 
Axis ſhall concur ; how to-proje&t the Hours to that 
Point, and to ſet up an Axis after the ordinary manner to 

-G&-2 give 
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give ſhadow to tliem, without any knowledge how the 
Dial ſtandeth in reſpec either of Reclination, Declination, 
or Inclination. 

Firſt, To the Point affigned (upon any ſe of it) 
by help: of a Semi-circle, or other Level, ſtretch out 
an Horizontal 'Thred, ſerving for - the Zorizontat line"; 
which line necd not be one ſingle line, but may 
be turned at one or more Angles, provided that 1t 
lie (all the parts of it) totally in | the Superficies of 
the Horizor. bled 

Secondly , With a perpendicular thred held up, pro- 
ject the Sun into - the aſſigned Point, and into the 
Horizontal thred, and ſtick in a Pin, or make a mark 
upon the fame AHorizontal-line, through which the 
ſhadow . cutteth, and at the ſame inſtant alſo , take the 
Sun's Altitude. 7 
_ Thirdly, By the Altitude taken find out the Suns 
Aumuth ; this Azimuth, what ever it be, 1s repreſen- 
ted Rl the mark formerly ' made in the ZZorizontal-line 
Or tnred. | 

Fourthly, Apply a Paiſt-Board to the aſligned- Point, 
and hold it flat, that it may anſwer to the Forizontal- 
thred alſo; and upon this Paiſt-board protratt your Az- 
muth by-a thred-extended-from the Point affigned for the 
Centre to the mark upon the Z7orizontal thred. Which 
done, SOnD 
Fifthly, By help of that Azimuth upon the Paiſt-board 
protraCt the Meridian Line, obſerving the true Coaſt, and 
quantity of the Angle trom the 4zimath; and to the Me- 
neg thus found , . deſcribe an Horizontal Dial for the 
Place. 

Sixthly, Apply the Paiſt-board to it's place again , 
all things ſtanding right. as; before ; project all the 
Hours into the. Zqrizontal-thred from: off the 'Paiſt- 
board, and: - {ct. marks upon. the ſame Line ; for 
= the 
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the Points - of each ſeveral Hour , which marks may 
ed little Knots to flip too and fro upon the ſame 
thred. 

Seventhly, - Projet the Meridian Point by a perpen- 
dicular Thred upon ſome Object, into that place where- 
abouts you imagine the Axis of the World would paſs, 
above or below , from the Point afſigned for the 
Centre. 

Eightly, With your Sem#-circle, (or a String and 
Quadrant, ) elevated or depreſſed, {as it ſhall be re- 
quired, ) from the Point aſſigned for the Centre, ac- 
cording to your Latitude, project the Pole of the 
World. | 

Ninthly, Extend a Thred from the Point aſligned for 
the Centre to the Poles of the Werld, which ſhall repre- 
ſent the Axis. 

Tenthly, By the Point upon the Horizontal Thred, 
and this Axis, ( either by your Eye, laying the Axis 
to the Hour Points, or laying the Hour Knots to the 
Axis,) you may project all the Hours, and draw- 
them : Or elſe you may let the Axis alone, and 
content your ſelf with the Pole point projected into 
the Meridian : For if from the Point aſſigned to be 
the Centre, or meeting of the Hours, and. Axts, 
you extend a Thred to each Hour Point in the 2ori- 
zontal Line, and do repoſe ( with your Eye) the fame 
Thred upon the Pole Points; then ſhall the ſhadow of 
the Thred give you that Hour-line ; and do fo in alt 
tie reſt. Tt; x 

Eleventhly, Your Thred, or Axis lying in it's true 
ſituation., you may eaſily fit an Axis to the fame po-- 
ſtur2. If your Dial be. deſcribed upor» a plain» Super- 

 ficies, you may then (by one-fide of a Square, ap- 
plied to the Thred, or Axis, and the other fide lying; 
upon the Plain). find out the Sb/tzle, and meature froms 
it the Elevation of the Axis above the Plain, But 
| - 
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if the Dial be deſcribed upon a Curved Superficies, 'you 
muſt be content to ſet up your Axis by the direQtion of 
the Thred only. _ 

Twelfthly , This point aſſigned for | the Centre, be- 
ing a Point of the Axis, is, as it were, [the Apex of the 
Griomon, unto which all the Work is projeted: Butif 
it be required to ſet up an Axis to fuch a Superficies up- 
on which the Hours and Axis will not meet in any 
tolerable manner, becauſe perhaps the Axis may be but 
of very ſmall Elevation above the Superficies, and yet 
an Axis is required, in this caſe fet up any point (of 
W ire, or fuch like) of fuch diſtance from the Superticies, 
as that the Hours and Axis may be diſtinct, and 
through that point let it be required to. make the Axis 
paſs ;you have no more to doe but only to project to this 
point asbefore,by letting the ſhadow of a perpendicular thred 
paſs through that point, and noting the ſame upon the Z7o- 
rizontal thred, and counting that end of the Wire as your 
Centre, proceed as before ; for the thred that lies to project 
the Hours is a pattern for the Axs. 


| This Way is general, ſerving to projet the Hour:-lines 
upon many Superficies, be they Plainor Curved, and 
however ſituate, whether contiguous or ſeparate, and 
that without any laborious inquiſition of any of their 
ſituations in refpeC& of Declination, Reclination, or 
Inclination. 
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CHAP. VII. 


How froma Glaſs, Horizontally placed, to Reflect-hours upon a- 
ny Superficies Flat or Curved, one or more. 


þH Irſt, The Glaſs being placed truly Horizontal, obſerve 
the ſpot of Light that the Sun caſſs, and make a 

Mark at it. | 

Secondly, 
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Secondly, And obſerve immediately the Sun's Altirude, 
and find the Azimuth. 

Thirdly, Then extend an Horizontal thred in the fame 
Level with the Glaſs, but within the Room. 

Fourthly, Proje@ the Azimath into the Horizontal thred, 
by holding up a perpendicular thred in ſuch a place, that 
though it hang at liberty you may at once diſcern both the 
mark of the {pot of Light and the Glaſs tikewife ; and then 
obſerve where the perpendicular thred ſeems to cut the Zo- 
rizontal thred, and at that apparent interſetion make a 
mark upon the Horizontal thred for the Azimuth. 

Fifthly, Apply a Paift-board to the Glaſs, fo that it may 
beftayed upon ſome reſt, that aſter it is taken, away it 
may be reſtored to it's place agair with all exactneſs: Let 
it be allo placed Horizontally, ſo that it may have full re- 
lation to the Forizontal thred. 

 Sixthly, At the Glaſs's Centre make a point for the 
Centre upon the Paiſt-board, and extending a thred from 
the Centre of the Paiſt-board to the mark of the Azimuth 
upon the Horizontal thred, draw upon the Paiſt-board that 
line which the extended thred :igures out thereupon ; af- 
terwardsunto the fame Azimuth upon the Paiſt-board draw 
a Meridian line, and toit an Zorizontal-Dial; and applying. 
the Paiſt-board again to it's firſt fituation,proje& the hours 
thereon unto the Aorizontalthred; and there make marks, 
or knots. 

Seventhly, Then projet the Meridian (by a perpendicu- 
lar thred,. covering, in appearance, both the Knot at 12, 
and the Glaſs) unto the contrary Coaſt. to that wherein 
the Pole is elevated above the Horizon ; that is to ſay, in 
our Northern Climates, you mult. proje& the Meridian 
Southward from the Glaſs, becauſe the North Pole is eleva- 
ted : And in the Meridian, elevate your Sewz-circle,. or EX> 
tenda thred and quadrantfrom the Glaſs Southwards till the. 
Plummet fall upon your Latitude,. fo Trall it point out, up-- 


on ſome Object ſet to receive it, the North Noſe: rellechnn: 
= Or 
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Or elſe, if this be not convenient (becauſe in Windows 
which look towards the South, the North Pole will be 
without the Room, and fo the Axis above the Glaſs ex- 
tended towards that Pole will be without alſo) 'you 
may in ſuch Caſes find out the oppoſite Pole to it, that 
is to ſay, that Pole which the former refle&ted Axis, 
being extended through the Glaſs, and below it, would 
ſign out, and that may be effected in this manner. 


Eighthly, Project the Meridian Line towards tlie Pole 
that is elevated, that is with us, towards the North Pole ; 
and then (becauſe the North Pole is elevated by refleQion 
towards the South, ſo, by the ſame reaſon, the South Pole 
mult be depreſſed towards the North) by your Semi-circle, 
or ſtring and quadrant, directed even with the Centre of 
the Glaſs, expreſsor projet your Latitude downwards, (but 
towards the North,) ſo ſhall the Sem-circle, or thred, point 
out the refle&ted South Pole in the Meridian. Now, whe- 
ther you will, or can, (moſt conveniently,) uſe the refle&ted 
NorthPole above the Glaſs, or the refleted South Pole be- 
low it, you are to take your Choice, for borh the one, and 
the other of them do repreſent the refleted Axis of the 
World. , 

Ninthly,By this reflected Axis, and the Hour points ſign- 
ed out upon the Horizontal thred, you may eaſily Project 
the refleted Hours, upon any kind of Superficies, one or 
more, whatever they be, that ſtand in the way. 


